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PROTEIN 

. FIELD OF THE INVENTION 

The present invention relates to novel fungal lipolytic enzymes and to one or more 
5 polynucleotides encoding one or more novel fungal lipolytic enzymes. The invention 
also relates to methods of producing fungal lipolytic enzymes, and uses thereof. The 
present invention further relates to the preparation of an improved foodstuff, in 
particular to the preparation of improved bakery products. Specifically, the invention 
provides novel fungal lipolytic enzymes, which enzymes are capable of conferring 
10 improved characteristics to food procn^^cliiding bakery products. 

TECHNICAL BACKGROUND 


The beneficial use of lipolytic enzymes (ELC. 3.1. 1jc) in food and/or feed industrial 
1 5 applications has been known for many years. 

For instance, in HP 0 585 988 it is claimed that lipase addition to dough resulted in an 
improvement in the antistaling effect It is suggested that a lipase obtained from 
Rhizopus arrhizus when added to dough can improve the quality of the resultant bread 
20 when used in combination with shoitming/&L WO 94/0403 5 teaches that an improved 
bread softness can be obtained by adding a lipase to dough without the addition of any 
additional fet/oil to fee dough. Castello, P. ESEGP 89-10 Dec 1999 Helsinki, shows 
that exogenous lipases can modify bread volume. 

25 The substrate for lipases in wheat flour is 1.5-3% endogenous wheat lipids, which are 
a complex mixture of polar and non-polar lipids. The polar lipids can be divided into 
glycolipids and phospholipids. These lipids are built up of glycerol esterified with two 
fatty acids and a polar group. The polar group contributes to surface activity of these 
lipids. Enzymatic cleavage of one of the fatty acids in these lipids leads to lipids with 

30 a much higher surface activity. It is well known that emulsifiers, such as DATEM, 
with high surface activity are very functional when ad d ed to dough. 
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Lipolytic enzymes hydrol5 r se one or more of the fatty acids from lipids present in the 
food which can result in the formation of powerful emulsifier molecules within the 
foodstuff which provide commercially valuable nmcnonalrty. The molecules which 
5 contribute the most significant emulsifier characteristics are the partial hydrofysis 
products, such as lyso-phospholipids, lyso-glycolipids and mono-glyceride molecules. 
The polar lipid hydrolysis products, namely lyso-phospholipids and lyso-^ycolipids, 
are particularly advantageous. In bread making, such in situ derived emulsiners can 
oive equivalent functionality as added emulsifiers, such as DATEM1 

10 

However, the activity of lipolytic enzymes has also been found to result in 
accumulation of free fatty acids, which can lead to detrimental functionality in the 
foodstuff This inherent activity of lipolytic enzymes limits their functionality. 

15 The negative effect on bread volume is often explained by overdosing. Overdosing 
can lead to a decrease in gluten elasticity which results in a dough which is too stiff 
and fhns results hi reduced volumes. In addition, or alternatively, such lipases can 
degrade shortening, oil or mfflr fat added to the dough, resulting hi off-flavour in the 
dough and baked product. Overdosing and off-flavour have been attributed to the 

20 accumulation of free fatty acids in the dough, particularly short chain fatty acids. 

The presence of high levels of free fatty acids (FFA) in raw materials or food products 
is generally recognised as a quality defect and food processors and customers will 
usually include a m^rrm™ FFA level in the food specifications. The resulting effects 
25 of excess FFA levels can be in organoleptic and/or functional defects. 

In EP 1 193 314, the inventors discovered that the use of lipolytic enzymes active on 
glycolipids was particularly beneficial in apphcations in bread making, as the partial 
hydrolysis products the lyso-glycolipids were found to have very high emulsifier 
30 functionality, apparently resulting in a higher proportion of positive emulsifier 
functionality compared to the detrimental accumulation of free fatty acids. However, 
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the enzymes were also found to have significant non-selective activity on triglycerides 
winch resulted in unnecessarily high, free ratty acid. 

This problem of high triglyceride activity was addressed in WO 02/094123, where the 
5 inventors discovered that by selecting lipolytic enzymes which were active on the 
polar lipids (glycolipids and phospholipids) in a dou^i, but substantially not active on 
triglycerides or 1 -mono-glycerides, an improved functionality could be achieved. 

A commercially preferred source of lipase enzymes is filamentous fungi, such as 
10 Aspergillus spp: and Fusariian spp. Lipases isolated from filamentous fungi have been 
found to have industrially explicable characteristics and also have been found to be 
routine to express in heterologous production systems, such as in Aspergillus oryzae, 
Fusarium and yeast 

15 A lipase from Fusarium oxysporum was identified in EP 0 130 064, and the 
application of R oxysporum lipases in food applications has been suggested in 
Hoshino et aL. (1992) Biosci. Biotech. Biochem 56: 660-664. 

EPO 869 167 describes the cloning and expression of a Fusarium oxysporum lipase and 
20 its use in b aking . The enzyme is described as having phospholipase activity. This 
enzyme is now sold by Novozymes A/S (Denmark) as Lipopan F 77 * 

WO 02/00852 discloses five lipase enzymes and their encoding polynucleotides, 
isolated from F. venenatum, R sulphureum, A berkeleyanum, F. culmorum and R 
25 solum. AH five enzymes are described as having triacylglycerol hydrolysing activity, 
phospholipase and galactolipase activity. Three of the enzymes have equivalent 
activity to the Roxysporum enzyme taught m EP 0 869 167: R venenatum, R 
sulphureum, R culmorum. 

30 Therefore, it is apparent that some Fusariian lipases, including lipopan F™have been 
found to have side activity on polar lipids, including phospholipids and glycolipids. 
Although described as a phospholipase in EP 0 869 167, the lipase from Fusarium 
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oxyspomm has high lipase activity. The enzyme also has glycoEpase activity. 
However, despite the significant activity on polar lipids, the functionality achieved by 
use of the enzyme is limited due to the high lipase (ie. triglyceride) activity. 

5 Nagao et at (L Biochem 116 (1994) 536-540) describes a lipase from R hsterosporwn; 
which enzyme predominantly functions as a lipase (E.C. 3.1.1.3) to hydrolyse 
triglycerides. This is very different from the enzymes according to the present 
invention. 

10 Lipolytic enzyme variants, with specific amino acid substitutions and fusions, have 
been produced some of which have an enhanced activity on the polar lipids compared 
to the wild-type parent enzymes. WOO 1/39602 describes such a variant, referred to as 
SP979, which is a fusion of the Tkermomyces lamiginosus lipase, and the Fusarium. 
oxyspomm lipase described in EP 0 869 167. This variant has been found to have a 

15 significantly high ratio of activity on phospholipids and glycolipids compared to 
triglycerides. 

However, prior to the present invention, natural fungal lipolytic enzymes, particularly 
from Fusarium spp., having a high ratio of activity on polar lipids compared with 
20 triglycerides had not been .taught 

SUMMARY OF THE INVENTION 

In a broad aspect the present invention relates to a fungal lipolytic enzyme having a 
25 higher ratio of activity on polar lipids (phospholipids and/or glycolipids) as compared 
with triglycerides, in particular a higher ratio of activity on glycolipids as compared 
with triglycerides. 

In a further broad aspect the present invention relates to a wild-type fungal lipolytic 
30 enzyme having a higher ratio of activity on polar lipids (phospholipids and/or 
glycolipids) as compared rath triglycerides, in particular a higher ratio of activity on 
glycolipids as compared with triglycerides. 
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In a yet further broad aspect the present invention relates to a nucleic acid encoding a 
novel fungal lipolytic enzyme as taught herein. 

5 In one broad aspect the present invention relates to amethod of preparing a foodstuff 
preferably an egg-based foodstuff, the method comprising adding a fungal lipolytic 
enzyme of the present invention to one or more ingredients of the foodstuff! 

The present invention relates to a method of preparing a dough, the method comprising 
10 adding a fungal lipolytic enzyme of the present invention to one or more ingredients of 
the dough and mixing to form a dough. 

Another broad aspect of the present invention relates to a method of preparing a baked , 
product from a dough, the method comprising adding a fungal lipolytic enzyme of the 
15 present invention to the dough. 

There is also provided a method of preparing a fungal lipolytic enzyme according to 
the present invention, the method comprising tansfonning a host cell with a recombi- 
nant nucleic acid comprising a nucleotide sequence coding for the fungal lipolytic 
20 enzyme, the host cell being capable of expressing the nucleotide sequence coding for 
the polypeptide of the fungal lipolytic enzyme, cultivating the transformed host cell 
under conditions where the nucleic acid is expressed and harvesting the fungal 
lipolytic enzyme. 

25 In a further broad aspect, the invention provides a lipolytic enzyme which retains 
activity at low temperatures, i.e. is a low temperature lipolytic enzyme. 

Aspects of the present invention are presented in the claims and in the following 
commentary. 

30 . 

Other aspects concerning the nucleotide sequences which can be used in the present 
invention include: a construct comprising the sequences of the present invention; a 
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vector comprising the sequences for use in the present invention; a plasmid comprising 
the sequences for use in the present invention; a transformed cell comprising the 
sequences for use in the present invention: a transformed tissue comprising the 
sequences for use in the present invention: a transformed organ comprising the 
5 sequences for use in the present invention: a transformed host comprising the 
sequences for use in the present invention; a transformed organism comprising the 
sequences for use in the present invention. The present invention also encompasses 
methods of expressing the nucleotide sequence for use in the present invention using 
the same, such as expression in a host cell; including methods for transferring same. 
10 The present invention further encompasses methods of isolating the nucleotide 
sequence, such as isolating from a host cell 

Other aspects concerning the amino acid sequence for use in the present invention r ~" 
include: a construct encoding the amino acid sequences for use in the present invention; a 

15 vector encoding the amino acid sequences for use in the present invention; a plasmid 
encoding the rrmtnn acid sequences for use in the present invention; a transformed ceil 
expressing the amino acid sequences for use in the present invention; a transformed tissue 
expressing the amino acid sequences for use in the present invention; a transformed organ 
expressing the amino acid sequences for use in the present invention; a transformed host 

20 expressing the amino acid sequences for use in the present invention; a transformed 
organism expressing the ammo acid sequences for use in the present invention. The 
present invention also encompasses methods of purifying the amino acid sequence for use 
in the present invention using the same, such as expression in a host cell; including 
methods of transfemrig same, and then purifying said sequence. 

25 

For the ease of reference, these and further aspects of the present invention are now 
discussed under appropriate section headings. However, the teachings under each 
section are not necessarily limited to each particular section. 


30 
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DETAILED DISCLOSURE OF INVENTION 

In one aspect, the present invention provides a wild-type fungal lipolytic enzyme 
having a higher ratio of activity on polar lipids compared with triglycerides. 

In one aspect, the present invention provides a fungal lipolytic eo2yme comprising an 
amino add sequence as shown as SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 4, or 
SBQ ID No. 6 or an amino acid sequence which has at least 90% identity thereto. 

In a further aspect the present invention provides a nucleic acid encoding a fhneal 
lipolytic enzyme comprising an amino acid sequence as shown in SEQ ID No. 1, SEQ 
ID No. 2, SEQ ID No. 4 or SEQ ID No. 6 or an amino add sequence which has at least- 
90% identity therewith. 

SEQ ID No. 1 is shown in Figure 37, SEQ ID No. 2 is shown in Figure 38, SEQ ID 
No. 4 is shown in Figure 40 and SEQ ID No. 6 is shown in Figure 42. 

In a further aspect the present invention provides a nucleic acid encoding a fungal 
lipolytic enzyme, which nucleic acid is selected from the group consisting o£ 

a) a nucleic add comprising a nucleotide sequence shown in SEQ ID No. 3* SEQ ID 
No.5orSEQIDNo.7; 

b) a nucleic add which is related to the nucleotide sequence of SEQ ID No. 3, SEQ 
ID No. 5 or SEQ ID No. 7 by the degeneration of the genetic code; and 

c) a nucldc add comprising a nucleotide sequence which has at least 90% identity 
with the nucleotide sequence shown in SEQ ID No. 3 5 SEQ ID No. 5 or SEQ ID 
No. 7. 

SEQ ID No. 3 is shown in Figure 39; SEQ ID No. 5 is shown in Figure 41; and SEQ 
ID No. 7 is shown in Figure 43. 

In another aspect the present invention provides the use of a fungal lipolytic enzyme 
according to the present invention in the manufacture of a foodstuff, such as for 
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instance a dough, a baked product an egg, an egg-based product, a noodle product, a 
cheese product a tortilla product, an animal feed product, a vegetable oil or an edible 
oiL Advantageously, the addition of an enzyme of the present invention to the 
foodstuff may lead to improved emulsification with lower accumulation of free fatty 
5 acids. 

In a further aspect the present invention provides the use of a fungal lipolytic enzyme 
according to the present invention in the manufacture of a dough and/or a baked 
product, comprising adding said lipolytic enzyme to a dough, and (optionally) bating 

10 the dough to make a baked product for one or more of the following: reducing 
stickiness of the dough; improving noachinability of the dough; reducing blistering 
during baking of the baked product; improving bread volume and/or softness; 
prolonging shelf life of the baked product and/or dough; improving antistaling effect, 
of the baked product and/or dough; improving crumb structure of the baked product; 

15 reducing pore heterogeneity of the baked product; improving pore homogeneity of the 
baked product; reducing mean pore size of the baked product; enhancing the gluten 
index of the dough; improving flavour and/or odour of the baked product, improving 
the colour of the crust of the baked product 

20 Advantageously, the enzyme according to the present invention may. have a higher - 
activity than conventional lipolytic enzymes at a low pH and so may be more 
advantageously suited for use in a low pH sour dough environment than conventional 
lipolytic enzymes. 

25 In anoftter aspect of the present invention there is provided a method of makin g a 
doush and/or a baked product comprising adding a fungal lipolytic enzyme according 
to the present invention to a dougfr and (optionally) baking the dough to make the 
baked product 

30 In a further aspect of the present invention provides the use of a fungal lipolytic 
enzyme according to the present invention in the manufectnre of egg-based products 
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for improving texture* reducing mean particle size, reducing mean particle distribution, 
improving heat stability, improving microwave performance and/or stability. 

In another aspect of the present invention* there is provided a method of treating egg or 
5 egg-based product, which method comprises adding a fungal lipolytic enzyme 
according to the present invention to an egg or egg-based product 

In another aspect of the invention, there is provided a method of making noodles, or a 
noodle dough or a noodle-based product, which method comprises adding a fungal 
10 lipolytic enzyme according to the present invention to the noodle 5 noodle dough or 
noodle-based product 

In one aspect of the present invention, there is provided a use of a fungal. lipolytic, 
enzyme according to the present invention in the manufacture of a noodle or a noodle- 
15 based product for one or more of improving colour/yellowness, stabilising colour 
characteristics, reducing brightness, reducing fat content, improving texture and bite 
(chewiness), reducing water activity, reducing breakage, increasing core firmness and 
improving shape retention during processing 

20 Ih another aspect of the invention, there is provided a method of maVrng a tortilla or 
tortilla dough, which method comprises adding a fungal lipolytic enzyme according to 
the present invention to the tortilla or tortilla dough 

A further aspect of the present invention provides the use of a fungal lipolytic enzyme 
25 according to the present invention in the manufacture of a tortilla or a tortilla dough for 
improving the reliability of a tortilla, increasing pliability of a tortilla, improving 
anfisfolmg properties of the tortilla and/or tortilla dough, improving softness and/or 
reducing off-flavour in the tortilla and/or tortilla dough. 

30 ' The functionality of the lipolytic enzyme in tortilla and/or noodles may be improved 
by combination with emulsifiers such as DATEM. 
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la another aspect of the invention, there is provided a method of treating milh cheese 
millr, cheese or a cheese-based product, which method comprises adding a fungal 
lipolytic enzyme according to the present invention to the cheese or cheese-based 
product 

5 

The present invention yet further provides use of a fungal lipolytic enzyme according 
to the present invention in the manufacture of a cheese or a cheese-based product for 
one or more of improving flavour, texture and/or stability, decreasing in the oiling-off 
effect in cheese and/or to increase cheese yield in cheese production- 

10 

In another aspect of the invention, there is provided a method of treating a nim a l feed, 
which method comprises adding a fungal lipolytic enzyme according to the present'/^- 
invention to the animal feed. 

15 

The present invention further provides the use of a fungal lipolytic enzyme according 
to the present invention in the manufacture of animal feed for enhancing one or more 
of: feed utilisation and/or conversion efficiency, body weight gain, digestibility 
nitrogen uptake, metabolisability of dry matter and palatability. 

20 

In a further aspect of the present invention provides the- use of a fungal lipolytic 
enzyme according to the present invention in a process of preparing a lyso- 
phospholipid, for example lysolecifhin by treatment of a phospholipid (e.g. lecithin) 
with the enzyme to produce the partial hydrolysis product, ie. the lyso-phospholipid. 

25 

In another aspect of the present invention there is provided a process of preparing a 
lyso-phospholipid, for example lysoledthin, which process comprises treating a 
phospholipid (e.g lecithin) with the fungal lipolytic en2yme according to the present 
invention. 

30 

In a further aspect of the present invention provides the use of a fungal lipolytic 
enzyme according to die present invention in a process of preparing a lyso-glycolipid, 
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(for example digalactosyl monoglyceride (DGMG) or monogalactosyl monoglyceride 
CMGMG)) by treatment of a glycolipid (e.g. digalactosyl diglycsride (DGDG) or 
monogalactosyl digjyceride (MGDG)) with the lipolytic enzyme according to the 
present invention to produce the partial hydrolysis product, i.e. the- lyso-glycoEpid. 

5 

In a yet further aspect there is provided a process of preparing a lyso-glycolipid (for 
example digalactosyl monoglyceride (DGMG) or monogalactosyl monogjyceride 
(MGMG)X which process comprising treating a glycolipid (e.g. digalactosyl 
digiyceride (DGDG) or monogalactosyl diglycsride (MGDG)) with a fungal lipolytic 
10 enzyme according to the present invention 

The present invention also provides a process of enzymatic degumming of vegetable 
or edible oils, comprising treating the edible or vegetable oil with fungal lipolytic -. 
enzyme according to the present invention so as to hydrolyse a major part of the polar 
1 5 lipids (e.g. phospholipid and/or glycolipid). 

For the avoidance of doubt, a person of ordinary skill in the art would be aware of 
methodology suitable for carrying out the enzymatic treatment of edible oils (for 
instance see EP 0 869 167). Known method may suitably be used when carrying out 
20 the present invention, with the proviso that the known enzyme is replaced with the 
enzyme according to the present invention. 

In a further aspect the present invention provides the use of a fungal lipolytic enzyme 
according to the present invention in the manufacture of a vegetable oil or edible oil 
25 for reducing the amount phospholipid in the vegetable oil or edible oil whilst 
maintaining fee triglyceride content of the oil and/or preventing or reducing the 
accumulation of free fatty acids. 

In a yet further aspect the present invention provides the use of a fungal lipolytic 
30 enzyme according to the present invention in a process comprising treatment of a 
phospholipid so as to hydrolyse fatty acyl groups. 
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In another aspect the present invention provides the use of a ftmga] lipolytic enzyme 
according to the present invention in a process for reducing the content of a 
phospholipid in an edible oil, comprising treating fee oD with, the fungal lipolytic 
enzyme according to the present invention so as to hydrolyse a major part of the 
5 phospholipid, and separating an aqueous phase containing the hydiolysed phospholipid 
from the oil. 

In a further aspect the invention provides a lipolytic enzyme which retains activity at 
low temperatures, i.e, a low temperature lipolytic enzyme. Further aspects of the 
10 invention include the use of a low temperature lipolytic enzyme in the methods and 
uses describes herein, Le. of the fungal lipolytic enzyme of the present invention. 

Preferably, the fungal lipolytic enzyme according to the present invention has a higher- -. - 
ratio of activity on polar lipids (e.g. glycolipids and/or phospholipids) than .on 
15 triglycerides. 

Preferably, the fungal lipolytic enzyme according to the present invention has a higher 
ratio of activity on phospholipids than on triglycerides. 

20 Preferably, fhe fungal lipolytic enzyme according to the present invention has a higher 
ratio of activity on glycolipids than on triglycerides. : . 

Suitably, the ftmgal lipolytic enzyme according to the present invention may have a 
higher ratio of activity on both glycolipids and phospholipids than on triglycerides. 

25 

More preferably, the fungal lipolytic enzyme according to the present invention has a 
higher ratio of activity on digalactosyl diglyceride (DGDG) than on triglycerides. 

Preferably the fungal lipolytic enzyme according to the present invention hydrolyses 
30 DGDG or MGDG to DGMG or MGMQ respectively. 
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The term "higher ratio of activity on polar lipids 55 as referred to herein means that the 
fungal lipolytic enzyme according to the present invention has a polar lipidrtriglyceride 
hydrolysing activity ratio which is higher when compared with a commercial enzyme 
Lipopan F™ (Novozymes A/S, Denmark). 

5 

The term ''polar lipids" as used herein means phospholipids and/or glycolipids. 
Preferably, the term "polar lipids'* as used herein means both phospholipids and 
glycolipids. 

10 The terms "hi g her ratio of activity on glycolipids" and "higher ratio of activity of 
phospholipids** as referred to herein means that the fiingal lipolytic enzyme according 
to the present invention has a glycoUpidrtriglyceride hydrolysing activity ratio or a 
phosphoHpidrtriglyceride hydrolysing activity ratio, respectively, which is higher than:, 
the corresponding ratio achieved with the commercial enzyme lipopan F™ 

1 5 (Novozymes A/S, Denmark). 

Preferably, the lipolytic enzyme according to the present invention may have a polar 
lipid:triglyceride hydrolysing activity ratio of at least 4. Suitably, the polar 
lipidrtriglyceride hydrolysing activity ratio may be greater than 5. Suitably, the polar 
20 lipid-triglyceride hydrolysing activity ratio may be greater than 8, preferably greater 
than 9? more preferably greater than 10, even more preferably greater than 15. 

Preferably, the fungal lipolytic enzyme according to the present invention may have a 
phosphoHpidrtriglyceride hydrolysing activity ratio of at least 4. Suitably, ihe polar 
25 lipicktriglycmde hydrolysing activity ratio may be greater than 5.. Suitably, the polar 
lipid-triglyceride hydrolysing activity ratio may be greater than 8, preferably greater 
than 9, more preferably greater than 1 0, even more preferably greater than 15. 

Preferably, the fungal lipolytic enzyme according to the present invention may have a 
30 glyeohpidtriglyceride hydrolysing activity ratio of at least L5, preferably at least 1.8, 
preferably at least 2, preferably at least 3, preferably at least 4. Suitably, the 
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dycolipid:triglyceride hydrolysing activity ratio may be greater than 4. Suitably, the 
slycalipidrtridycsricb hydrolysing activity ratio may be- greats? than 5. 

In a farther aspect "the present invention provides a fungal lipolytic enzyme having a 
5 polar HpicLtridyc&ride hydrolysing activity ratio of at least 4. Suitably, the polar 
lipidrtrigjyceride hydrolysing activity ratio may be greater than 5. Suitably, the polar 
lipidrtriglyceride hydrolysing activity ratio may be greater than 8 5 preferably greater 
than 9 5 more preferably greater than 10, even more preferably greater than 15. 

10 In another aspect the present invention provides a fungal lipolytic enzyme having a 
phosphohpi±tridyceride hydrolysing activity ratio of at least 4. Suitably, the polar 
lipidrtrielyceride hydrolysing activity ratio may be greater than 5. Suitably, the. polar.. 
lipidrtriHlyceride hydrolysing activity ratio may be greater than S, preferably greater • 
than 9, more preferably greater than 1 0, even more preferably greater than 15. 

15 

In a yet further aspect, the present invention provides a fungal lipolytic enzyme having 
a glycolipid.-trigIyceride hydrolysing activity ratio of at least 15, preferably at least 
L8 S preferably at least 2, preferably at least 3, preferably at least 4, preferably greater 
than 5, preferably greater than 10 : preferably greater than 15. 

20 

Preferably the ftmgal lipolytic enzyme according to the present invention has at least 
1.5 times more activity against polar lipids (e.g, phospholipase A2 (E.C. 3.1.1.4) 
activity and/or phospholipase Al (E.C. 3.1.1.32) activity and/or glycolipase (E.C. 
3.1.1.26)' activity) as compared with triglyceride lipase activity (E.C. 3.1.13), more 
25 preferably at least 2-times, more preferably at least 3-times, more preferably at least 4- 
times. 

Preferably the fungal lipolytic enzyme according to the present invention has at least 
1.5 times more glycolipase (E.CL 3.1.1-26) activity as compared with triglyceride 
30 lipase activity (RC. 3.1.1 J), more preferably at least 2-times, more preferably at least 
3-times. more preferably at least 4-times. 
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Preferably at the dosage that provides the optimal bread volume using the minibaking 
assay detailed in example 3, the ratio of hydrolysis of DGDG to triglyceride (TG) ratio 
is at least 1 .7%, preferably at least L8%> preferably at least 2% preferably at least 3%, 
preferably at least 4%, preferably at least 5%, preferably at least 10%, preferably at 
5 least 20%, preferably at least 40%, preferably at least 50%. 

The term "glycolipase activity" as used herein encompasses "galactolipase activity". 

The glycolipase activity, phospholipase activity and triacylglyceride lipase activity of 
10 an enzyme can be detemiined using the assays presented hereinbelow. 

Determination of galactolipase activity (glycolipase activity assay): 
Substrate: 

0.6% digalactosyldiglyceride (Sigma D 4651), 0.4% Triton-X 100 (Sigma X-10O) 
15 and 5 mM CaCh was dissolved in 0.0 5M BEPES buffer pH 7. 
Assay procedure: 

400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf 
Thermomixer at 37°C for 5 minutes. At time t=* 0 min, 50 |iL enzyme solution was 
added. Also a blank with water instead of enzyme was analyzed. The sample was 
20 mixed at 1 0* 1 00 rpm in an Eppendorf Thermomixer at 3 7°C for 1 0 minutes. At time 
t=l 0 min the Eppendorf tube was placed in another thermomixer at 99°C for 10 
minutes to stop the reaction. 

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO 
GmbH. 

25 Enzyme activity GLU at pH 7 was calculated as rnicromoles of fatty acid produced per 
minute under assay conditions. 

Determination of phospholipase activity (phospholipase activity assay): 

30 Phospholipase activity was measured using two different methods which give 
comparable results. Either of these methods can be used to determine phospholipase 


WO 2005/08791 S 


PCT/TB2005/000R75 


16 

activity in accordance wife the present invennon. Preferably, lie PLU assay is used for 
dsteiroinm" the phospholipase activity of any enzyme. 


5 "FLU assay" for determination of phospholipase activity 
Substrate: 

0.6% L-a Pbospnatidylcholine 95% Plant (Avanti #441601), 0.4% Tritan-X 100 
(Sigma X-100) and 5 mM CaCl 2 was dissolved in 0.05M HEPES buffer pH 7. 

10 Assay procedure: 

400 pL substrate was added to an US mL Eppendorf tube and placed in an Eppendorf. 
■Ebennomixer at 37°C for 5 minutes. At time t= 0 rain, 50 uL enzyme solution was 
added. Also a blank wilh water instead of enzyme was analyzed. The sample was 
mixed at 10*100 rpmin an Eppendorf Thennomixer at 37°C for 10 inmates. At time 

15 t=10 rnia the Eppendorf tube was placed in another thsrmomixer at 99°C for 10 
minutes to stop the reaction. 

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO 
GmbH. 

Enzyme activity PLU-7 at pH 7 was calculated as micromoles of fatty acid produced 
20 per minute under assay conditions 

tc TD?U assay" for determination of phospholipase activity 

1 TCPU (Titration Phospholipase Unit) is defined as the amount of enzyme, which 
25 * liberates 1 umol fiee fatty acid per minute at the assay conditions. 

Phospholipase Al and A2 catalyse the conversion of lecithin to lyso^edfhin with 
release of the free fatty acid from position 1 and 2, respectively. Phospholipase activity 
can be determined by continous titration of the fatty acids Uberated from lecithin 
30 during enzymation, since the consumption of alkali equals the amount of fatty acid 
liberated. 
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Substrate: 

4% lecithin, 4% Triton-X 100 : and 6 mM CaC12: 12 g lecithin powder (Avanfi Polar 
Lipids #44160) and 12 g Triton-X 100 (Merck 108643) was dispersed in approx. 200 
ml demineralised water during magnetic stilting. 3.0 ml 0.6 M CaC12 (p.a. Merck 
5 1 .02382) was added. The volume was adjusted to 300 mL with desnineralised water 
and the emulsion was homogenised using an Ultra Thorax. The substrate was prepared 
freshly every day. 


Assay procedure: 

10 An enzyme solution was prepared to give a slope on the titration curve between 0.06 
and 0.18 ml/coin with an addition of 300 pL enzyme. 
A control sample of known activity is included. 

The samples were dissolved in demineralised water and stirred for 15 ram at 300rpnu . 
25.00 ml substrate was thennostatted to 37.0°C for 10-15 minutes before pH was 
15 adjusted to 7.0 with 0,05 M NaOH. 300 u\L enzyme solution was added to the substrate 
and the continuous titration with 0.05 M NaOH was carried out using a pH-Staf tifrator 
(Phm 290, Mettler Toledo). Two activity determinations are made on each scaling. 
After 8 minutes the titration is stopped and the slope of the titration curve is calculated 
between 5 and 7 minutes. The detection limit is 3 TTPU/ml enzyme solution. 

20 

Calculations: 

The phospholipase activity (TEPU/g enzyme) was calculated in the following way; 


25 


TIPU/g- 


m-V 2 m-V 2 


Where: 

a is the slope of the titration curve between 5 and 7 minutes of reaction time (ml/min) 
N is the normality of the NaOH used (mol/1) 
30 VI is the volume in which the enzyme is dissolved (ml) 
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m is the amount of enzyme added to VI (g) 

V2 is the volume of enzyme solution added to the substrate (ml) 

5 Determination of triacylglyceride lipase activity: assay based on trigtyceride 
(tribtttyrin) as substrate (LIPU): 

Lipase activity based on tributyrin is measured according to Food Chemical Codex, 
Forth Edition, National Academy Press, 1996, p 803, ith the modifications that the 
10 sample is dissolved in deionized water instead of glycine buffer, and the pH stat set 
point is 55 instead of 7. 

1 LIPU is defined as the quantity of enzyme which can liberate 1 mol butyric acid per 
minute under assay conditions. 

15 Based on the assays for activity on galactolipid. (GLU), phospholipid (PLU) and 
triglyceride (LIPU) it is possible to calculate the ratios PLL7LIPU and GLU/UPU. 

The analysis of Lipopan F™ and a lipolytic enzyme according to the present invention 
derived from Fusarhan heterosporum (sample 209) (see Example 3) gave the 
20 following results. 

The relative activity ratios for lipopan F™ and Sample 209 are 

Lipopan F Sample 209 

Pbosphdipidftriglyceride PLIMJPU 3 9 

Galactoli^d/triglyceride GLU/LIPU 1 4 

25 

Suitably the trans "synergy 9 * or "synergistic effect" as used herein means that the 
combination produces a better effect than when each component (Le. enzyme) is used 
separately. Synergy may be determined by making a product, e.g. a dough and/or 
baked product, with the addition of each component (Le. enzyme) separately and in 
30 combination, and comparing the effects. 
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The term "fungal lipolytic enzyme" as used herein means that the mturally^ccuiiinH 
source of the enzyme is a fungus. For the avoidance of doubt, however, this term may 
include a fungal enzyme winch, is isolated from a fungus, one which is expressed in a 
5 fungal host (either the native or non-native fungus) or one which is expressed in a non- 
fungal host (e.g. in a bacterial or yeast for instance). 

Preferably, the fungal lipolytic enzyme according to the present invention is a wild 
type enzyme. 

10 

The terms "natural* and "wild type" as used herein mean a raturafly-ocCTmng 
enzyme. That is to say an enzyme expressed from the endogenous genetic code and 
isolated from its endogenous host organism and/or a heterologously produced, enzyme 
which has not been mutated (i.e. does not contain amino add deletions, additions or 
15 substitutions) when compared with the mature protein sequence (after co- and post- 
translational cleavage events) endogenously produced. Natural and wild-type proteins 
of the present invention may be encoded by codon optimised polynucleotides for 
heterologous expression, and may also comprise a non-endogenous signal peptide 
selected for expression in that host 

20 

The term "non-endogenous signal peptide" as used herein means a signal peptide not 
naturally present in the nascent polypeptide chain of the lipolytic enzyme prior to co- 
translational cleavage. In the lipolytic enzyme according to the present invention, part 
or whole of the non-endogenous signal peptide, for example a pro-peptide. may remain 
25 attached to the mature polypeptide - this is encompassed by the term "wild-type" as 
used herein. 

As mentioned above, fee teems "natural" and "wild type" as used herein mean a 
naturafly^coamng enzyme. However, this does not exclude the use of a synthetic or 
30 chemically synihesised polypeptide comprising of the same polypeptide sequence as 
flie naturally occuring mature lipolytic enzyme. 
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The term ^arianT as used herein means a protein caressed from a non-endogenous 
genetic cods resulting in one or more amino acid alterations (Le. amino arid deletions, 
additions or substitutions) when compared with the natural or wild-type sequence 
within the mature protein sequence. 

5 

Preferably the fungal lipolytic enzyme according to the present invention is a lipolytic 
enzyme which retains activity at a low temperature, Le. is a low temperature lipolytic 
enzyme. 

10 The term u a low temperature lipolytic enzyme" means an enzyme which has 
significant activity at 5-15°C ; preferably an enzyme which has significant activity at 
10°C. 

hi one embodiment the low temperature lipolytic enzyme according to the present 
15 invention is not a lipolytic enzyme comprising the amino acid sequence motif GDSX 
as disclosed in WO2004/064987 wherein X is one or more of the following amino acid 
residues: U A, V, I, F, Y, H, Q, T s N, M or S. 

A low temperature lipolytic enzyme according to the present invention may be an 
20 enzyme which has a- relative activity of at least 5%, preferably at least 7%, more 
preferably at least 10%, on lecithin substrate at 10°C, at a pH within 20% of the 
optimal pH of the lipolytic enzyme, as determined by the detexmrnation of free fatty 
acids by the NEFA C method (see Example 5, performed at pH 7). Example 6 provides 
a method for detenrdning the pH optima for a lipolytic enzyme. 

A low temperature lipolytic enzyme according to the present invention may be an 
enzyme which has a relative activity of at least 10% preferably at least 15%, more 
preferably at least 20%, more preferably at least 25% and most preferably at least 30% 
on lecithin substrated at 20°C, at a pH within 20% of the optimal pH of the lipolytic 
30 enzyme, as determined by the determination of free fatty adds by the NEFA C method 
(see Example 5, performed at pH 7). Example 6 provides a method for de termining the 
pH optima for a lipolytic enzyme. 


25 
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A low temperature lipolytic enzyme according to the present invention may also show 
significant activity of egg yolk lecithin at 5°C, characterised in that it is capable of 
releasing at least 1 %, preferably at least 1 .5%, more preferably at least 2% of free fatty 
5 acid after a reaction time of 480 minutes at an enzyme dosage equivalent to 20 U/g egg 
yolk, using the assay described in Example 9 and illustrated in figures 24 and 25, 

Preferably, the fungal lipolytic enzyme according to the present invention may be 
obtainable (preferably obtained) from a filamentous fungus. More preferably, the 

10 fungal lipolytic enzyme is obtainable (preferably obtained) from Fusarium spp. 
Preferably, the fungal lipolytic enzyme according to the present invention may be 
obtainable (preferably obtained) from Fusarium heterosponmi or Fusarium 
semitecium. Suitably, the fungal lipolytic enzyme according to the present invention 
may be obtainable (preferably obtained) from Fusarium heterosporum (CBS 782.83) 

15 or Fusarium semitectum (IBT 9507). 

Thus in one aspect, preferably the lipolytic enzyme according to the present invention 
is a filamentous fungal lipolytic enzyme, preferably a filamentous fungal wild-type 
lipolytic enzyme. 

20 

Preferably, the fungal lipolytic enzyme according to the present invention comprises 
an amino acid sequence which has at least 90%, preferably at least 95%, preferably at 
least 98%, preferably at least 99% identity with the ammo acid sequence shown as 
SEQ ID No. r or SEQ ID No. 2, SEQ ID No. 4 or SEQ ID No.6. 

25 

Preferably, the nucleic acid encoding the fungal lipolytic enzyme according to the 
present invention comprises a nucleotide sequence which has at least 90%, preferably 
at least 95%, preferably at least 98%, preferably at least 99% identity with the 
nucleotide sequence shown in SEQ ID No. 3, SEQ ID No. 5 or SEQ ID No. 7. 

30 

Preferably, fee fimgal lipolytic enzyme according to the present invention is not a 
fusion protein comprising an amino acid sequence from a Tkermomyces protein or part 
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thereof fused wilt an amino acid sequence from a Fusariwn protein or part thereof. In 
particular, preferably trie fungal lipolytic enzyme according to lie present invention is 
not a fusion protein comprising an amino acid sequence from a Thermomyces 
lanuginosa protein or a part thereof fused with an amino acid sequence from a 
Fusariian axysparum protein or part thereof. 

Preferably, the fungal lipolytic enzyme according to the present invention is not 
obtained from Thermomyces lanuginosa and/or is not a variant of an enzyme obtained 
. from Thermomyces lanuginosa. 

Preferably, the fungal lipolytic enzyme according to the present invention is isolated 
from a fermentation broth of Fusariian heterosporum CBS 782.83 or Fusariwn 
semitecturn (EST 9507). 

15 Suitably, iho^^tm^htpuxmedbyhqmdohromB^^y. 

The amino acid sequence of the purified fungal lipolytic enzyme may be detennined 
by Edman degradation and MALDI-TOF analysis. 


10 


20 


A partly purified lipolytic enzyme from Fusarhm heierosporum CBS 782.83 has been 
tested in rami scale-baking tests and in pilot scale baking tests with very good results. 


The baking effects of the fungal lipolytic enzyme from F. heterosporwn CBS 782.83 
were found to be superior to Lipopan F™ and this correlated to a increased ratio of 
25 activity on polar lipids, in particular glycolipids, such as digalactosyl diglyceride 
(DGDG), compared to triglycerides. 

Additionally, a lipolytic enzyme from Fusariwn semitecturn TBI 9507 has been tested 
for activity on flour lipids in dough Blurry with very good results. 

30 
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The lipolytic enzyme from R sendtectum IBT 9507 was shown to have significant 
activity on galactolipids in a dough and relatively less activity on triglyceride 
compared with Lipopan F™. 

5 Suitably, the tenn "foodstuff' as used herein means a substance /which is suitable for 
human and/or ^imal consumption. 

Suitably, the tarn "foodstuff* as used herein may mean a foodstuff in a form which is 
ready for consumption. Alternatively or in addition, however, the term foodstuff as 
10 used herein may mean one or more food materials which are used in the preparation of 
a foodstuff By way of example only, the term foodstuff encompasses both baked 
goods produced from dough as well as the dough used in the preparation of said baked 
goods. 

15 In a preferred aspect the present invention provides a foodstuff as defined above 
wherein the foodstuff is selected from one or more of the following: eggs, egg-based 
products, including but not limited to mayonnaise, salad dressings, sauces, ice creams, 
egg powder, modified egg yolk and products made therefrom; baked goods, including 
breads, cakes, sweet dough products, laminated doughs, liquid batters, muffins, 

20 doughnuts, biscuits, crackers and cookies; confectionery, including chocolate, candies, 
caramels, halawa, gums, including sugar free and sugar sweetened gums, bubble gum, 
soft bubble gum, chewing gum and puddings; frozen products including sorbets, 
preferably frozen dairy products, including ice cream and ice milk; dairy products, 
including cheese, butter, milk, coffee cream, whipped cream, custard cream, milTr 

25 drinks and yoghurts; mousses, whipped vegetable creams; edible oils and fats, aerated 
and non-aerated whipped products, oil-in-water emulsions, water-in-oil emulsions, 
margarine, shortening and spreads including low fat and very low fat spreads; 
dressings, mayonnaise, dips, cream based sauces, cream based soups, beverages, spice 
emulsions and sauces. 

30 

In one aspect the foodstuff in accordance with the present invention may be a dough 
product or a baked product, such as a bread, a fried product, a snack, cakes, pies, 


WO 2005/087918 


PCT7TB2OO5/O0OR75 


24 


brownies, cookies, noodles, instant noodles, tortillas, snack items such as cracksrs, 
graham crackers, pretzels, and potato chips, and pasta. 

In another aspect, the foodstuff in accordance with the present invention may be an 

5 animal fesi 

In one aspect preferably the foodstuff is selected from one or more of the follovnng:- 
eggs, egg-based products, including mayonnaise, salad dressings, sauces, ice cream, 
egg powder, modified egg yolk and products made therefrom. 


10 


In some of the applications mentioned herein, particularly the food applications, such 
as the bakery applications, the lipolytic enzyme according to the present invention may. 
be used with one or more conventional emulsifiers, including for example, 
monogrycerides, diacetyl tartaric acid esters of mono- and diglycerides of fatty acids, 
15 sodium stearoyl lacrylate (SSL) and lecithins. 

The lipolytic enzyme according to the present invention is especially preferred m 
bread recipes with added fat; this is considered to be due to the low activity of the 
lipolytic enzyme according to the present invention on triglycerides which results in a 
20 reduced free fatty acid accumulation and, with respect to short chain triglycerides, 
reduced or avoidance of off odour. 

■ In the present context, the term "added fat" is used to indicate no lipid or fat is added 
to the flour dough. 


25 


30 


In addition or alternatively, the enzyme according to the present invention may be used 
with one or more other suitable food grade enzymes. Thus, it is within the scope of the 
present invention that, in addition to the lipolytic enzyme of fee present invention, at 
least one further enzyme may be added to the baked product and/or the dough. Such 
farther enzymes include starch degrading enzymes such as endo- or exoamylases, 
pullulanases, debranching enzymes, hemicellulases including xylanases, cellulases. 
oxidoreductases, eg. glucose oxidase, pyranose oxidase, sulfhydryl oxidase or a 
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carbohydrate oxidase such as one which oxidises maltose, for example hexose oxidase 
(HOX) a lipases, phospholipases and hexose oxidase, proteases, and acyltransferases 
(such as those described in WO04/0649S7 for instance). 

5 It is particularly preferred that the lipolytic enzyme of the invention is used in 
combination with alpha amylases in producing food products- In particular, the 
amylase may be a non-maltogenic amylase, such as a polypeptide having non- 
maltogenic exoamylase activity, in particular, glucan 1,4-aIpha-maltotetrahydrolase 
(EC 3J2. 1.60) activity (as disclosed in WO05/003339). A suitable non-maitogenic 

10 amylase is commercially available as Powersoft™ (available from Danisco A/S 5 
Denmark). Maltogemc amylases such as Novamyl™ (Novozymes A/S 9 Denmark:) may 
also be used. In one embodiment, the combined use of alpha anrylases and the 
lipolytic enzyme of the invention may be used in a dough, and/or the production of a 
baked product, such as bread, cakes, doughnuts, cake doughnuts or bagels. The 

15 combination of alpha amylases and the lipolytic enzyme of the invention is also 
considered as preferable for use in methods of production of tortillas, such as wheat 
and/or maize tortillas. 

In another preferred embodiment, the lipolytic enzyme according to the present 
20 invention may be used in combination with a xylanase in producing food products. 
GRIND AMYL™ and POWERBake 7000 are examples of commercially available 
xylanase enzymes available from Danisco A/S. Other examples of xylanase enzymes 
may be found in WO03/020923 and WOO 1/42433 

25 Preferably, the lipolytic enzyme according to the present invention may be used in 
combination with a xylanase and an alpha amylase. Suitably the alpha amylase may 
be a maltogenic, or a non-maitogenic alpha amylase (such as GRIND AMYL™ or 
POWERSoft, commercially available from Danisco A/S), or a combination thereof 

30 The lipolytic enzyme of the invention can also preferably be used in combination with 
an oxidising enzyme > such as a maltose oxidising enzyme (MOX), for example hexose 
oxidase (HOX). Suitable methods are described in WO03/099016. Commercially 
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available maltose oxidising enzymes GRINDAMYL™ and SUREBake are available 
from Danisco A/S. 

Optionally an alpha-amylase, such as a non-maltogenic exoamylase and/or a 
5 maltogexdc amylases, and/or a maltose oxidising enzyme (MOX) in combination with 
the enzyme according to the present invention may be used in methods of preparing a 
dough, a baked product, tortilla, cake, instant noodle/fried snack food, or a dairy 
product such as cheese. 

10 The lipolytic enzyme according to the present invention is typically included in the 
foodstuff or other composition by methods known in the art Such methods include 
adding the lipolytic enzyme directly to the foodstuff or composition^ addition, of the.. 
lipolytic enzyme in combination with a stabilizer and/or carrier, and addition of;:a- 
roixture comprising the lipolytic enzyme and a stabilizer anchor carrier. 

15 

Suitable stabilizers for use with the present invention include but is not limited to 
inorsanic salts (such as NaCl, ammonium sulphate), sorbitol emulsifiers and 
detergents (such as Tween 20, Tween S0 a Panodan AB100 without triglycerides, 
polyglycerolester, sorbitanmonoleate), oil (such as rape seed oil, sunflower seed oil 
20 and soy oil), pectin, trehalose and glycerol. 

Suitable carriers for use with the present invention include but is not limited to starch, 
ground wheat, wheat flour, NaCl and citrate. 

25 Gluten index may be measured by means of a Glutomatic 2200 from Perten 
Instruments (Sweden). To measure the gluten index: immediately after proofing, 1 5 g - 
of dough may be scaled and placed in the Glutomatic and washed with 500 ml 2% 
NaCl solution for 10 mm. The washed dough may then be transferred to a Gluten 
Index Centrifuge 2015 and the two gluten fractions scaled and the gluten index 

30 calculated according to the following equation: 

Gluten index = (weight of gluten remaining on the sieve x lOOytotal weight of gluten 
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Preferably the gluten index in the dough, is increased by at least 5%, relative to a dough 
without addition of the polypeptide, the gluten index may be determined by means of a 
Glutomafic 2200 apparatus mentioned above 

Further preferable aspects are presented in the accompanying claims and fee in the 
following description and examples. 


ADVANTAGES 


10 


Surprisingly and unexpectedly it has been found feat fungal lipolytic enzymes 
according to fee present invention have a much higher ratio of activity on polar lipids 
(phospholipids and/or glycolipids):triglycerides > compared with previously identified^ 
lipolytic enzymes (particularly LipopanF™) from fungi. This is particularly surprising 

15 because prior to the present invention none of fee known wild type lipolytic enzymes 
from fungi showed this activity. Although research had been carried out to investigate 
lipolytic enzyme variants (i.e. ones which had been exposed to non-natural 
mutagenesis and/or in some other way altered), it had not been envisaged that a 
natural, wild-type enzyme from fungi could have possessed these highly beneficial 

20 characteristics. 

The enzymes identified have been found to have superior functionality when used in 
baking applications. The use of the fungal lipolytic enzyme according to the present 
invention advantageously results in significantly improved properties to the dough 
25 and/or baked products compared with other lipolytic enzymes from fungi, particularly 
LipopanF™. 

Advantageously lipolytic enzyme which retains activity at lower temperatures, Le. a 
low temperature lipolytic enzyme, may be suitable for use in low temperature 
30 applications, thus removing the need to heat a substrate. This may be of particular 
advantage in applications such as enzymatic treatment of egg yolk, enzymatic 
degumming of edible oils, and in treatment of milk or dairy products, for example 
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treatment of cheese milk prior to cheese manufacture. A further advantage of using a 
low temperature lipolytic enzyme may be found in foodstofis and/or animal feeds, 
where the retention of significant activity at low operating temperatures allows for 
enzymatic treatment to be performed with reduced risk of microbial, particularly 
5 bacterial, contamination- In addition, when the stability of the enzyme is greater at 
lower temperatures; this allows for efficient dosage of enzyme and longer effective 
working life of the enzyme in industrial applications. 

TECHNICAL EFFECTS 

10 

For baked products, such as bread, steam buns and US white pan bread, for example, 
the addition of a lipolytic enzyme of the present invention may result in one or more^of 
the following: improved bread volume and softness, prolonged shelf life and/or arEI 
arrtistaling effect, improved crumb structure, reduced pore heterogeneity, reduced 
15 mean pore size, enhanced gluten index, improved flavour and/or odour, and improved 
colour of the crust 

Advantageously, the enzyme according to the present invention may be used to replace 
emulsifiers in foodstuffs, such as dough and/or baked products. 

20 

The lipolytic enzyme according to the present invention may have synergy with 
emulsifies such as DAIEM, SSL, CSL, monoglyceride, polysorbates and Tween. 
Thus, the lipolytic enzyme according to the present invention may be nsed in 
combination with one or more emulsifiers. Advantageously, the use of the lipolytic 
25 enzyme according to the present invention in combination with one or more 
emulsifiers may reduce the overall amount of emulsifier used compared with the 
amount needed when no enzyme according to the present invention is nsed 

The lipolytic enzyme according to the present invention may also have synergy with 
30 hydiocolloids, Guar, xanthum and pectin, and with maltose oxidising enzymes such as 
hexose oxidase. 
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For doughnuts, cake doughnuts, bagels, snack calces and muffins, for example, the use 
of a lipolytic enzyme of the present invention may result in a synergistic effect when 
used in combination with one or more of alpha-amylases, m allogenic alpha-amylase 
and non-maltogenic alpba-amylase. 

5 

For cakes, sponge cakes and palm cakes, for example, the use of the lipolytic enzyme 
of the present invention may result in a synergistic effect when used in combination 
with one or more of hydrocolioids such as Guar, and/or one or more emulsifies such 
asDATEM 

10 

For biscuits, for example, use of a lipolytic enzyme according to the present invention 
confers improved reliability and handling properties, particularly when cold (cold 
reliability). 

15 Advantageously, in mayonnaise and other egg-based products, for example, use of a 
lipolytic enzyme according to the present invention may lead to improved texture, 
reduced mean particle size, and/or reduced mean particle distribution, improved heat 
stability, improved microwave performance and/or stability. 

20 In cakes, use of the present invention, advantageously leads to improved softness, 
volume, improved keeping properties and shelf life. 

For noodles or noodle-products, e.g. instant noodles, for example, the lipolytic enzyme 
of the present invention may confer one or more of the following characteristics: 
25 improved colour/yellowness, more stable colour characteristics, reduced brightness, 
reduced fat content, improved texture and bite (chewiness), reduced water activity, 
reduced breakage, increased core firmness and improved shape retention during 
processing. 

30 Preferably, the lipolytic enzyme of the present invention may be used to reduce the fat 
content of a noodle or a noodle product, for instance an instant noodle. 
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In tortilla, for example, use of the enzyme according to the present invention may 
result in erne or more of the following: reduced reliability of the tortilla, for instance by- 
increasing pliability, improved antistaling properties, improving softness and/or 
5 reducing off flavour. 

Advantageously, improved reliability and/or pliability may lead to a reduced 
likelihood of the tortilla splitting when rolled 

10 In cheese and/or cheese-based products, for example, the use of the enzyme according 
to the present invention may result in one or more of the following: an improved 
flavour, texture and/or stability, a decrease in the oiling-off effect in cheese and/or an 
increase in cheese yield 

15 The term "oiling off effect" as used herein refers to the free oil released when cheese is 
melted. 

The lipolytic enzyme according to the present invention may be used to produce a low 
fat cheese. Advantageously the enzyme of the present invention may stabilise fat in 
20 milk and/or may enhance flavour. 

One advantageous of the present invention is that the enzyme functions (and indeed 
has a hieh functionality) at a low temperature. This can have a number of advantages 
depending upon the use to which the enzyme is puL For instance, in cheese 
25 manufacture this functionality may reduce the risk of microbial contamination and 
microbial growth during enzymatic treatment The reason for this may be that the 
cheese can remain chilled during the enzymatic treatment. Thus, the lipolytic enzyme 
according of the present invention may be particularly suitable for maturation of 
cheese at low temperature for improved flavour. 

30 

In animal feed, for example, the enzyme according to the present invention 
advantageously may result in one or more the following: enhanced feed 
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utilisation/conversion efficiency within the animal, improved body weight gain of the 
animal, improved digestibility of the feed, improved nitrogen uptake by the animal, 
e.g. from the feed, improved metabolisability of dry matter of the feed and improved 
palatabiKty of feed. 

5 

In degummirtg of an edible oil, such as a vegetable oil, the lipolytic enzyme of the 
present invention has a high activity at low temperature. This advantageously may 
reduce the requirement to heat oil prior to or during enzyme treatment This has the 
advantageous effect of reducing the amount of energy needed effect the treatment 

10 The enzyme according to the present invention may improve selectivity the reduction 
of phospholipids compared with triglycerides. The enzyme according to the present 
invention in an edible oil (such as a vegetable ofl) m2y there have reduced hydrolytic 
activity on triglycerides compared to phospholipids. This may lead to less of the 
triglyceride being hydrolysed (compared with a conventional/phospholipase enzyme) 

15 and this may lead to fewer losses in the oil yield and/or a reduced free fatty acid 
accumulation in the oil (compared with a conventional hpolytic/pliospholipase 
enzyme). 

USES 

20 

The enzyme according to the present invention has many applications. . 

In particular, fee fungal lipolytic enzymes according to the present invention may be 
useful in the preparation of a foodstuff. 

25' 

For example, the fungal lipolytic enzymes according to the present invention may be 
particularly useful in the treatment of egg or egg-based products. 

Phospholipases, particularly phospholipase A2 (E.C. 3.1 .1 .4), have been used for many 
30 years for the treatment of egg or egg-based products (see US 4,034,124 and Dutihl & 
Groger 1981 J. ScL Food Agric. 32, 451-458, for example). The phospholipase 
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activity during the treatment of egg or egg-based products results in fee accumulation 
of polar lysolsrithin, ^which can act as an emulsifi ex- 
Treatment of egg or egg-based products v?ith a fungal lipolytic enzyme according, to 
5 the present invention can improve the stability, thermal stability under heat treatment 
such as pasteurisation and result in substantial thickening. Egg-based products may 
include, but are not limited to cakes, mayonnaise, salad dressings, sauces, ice creams 
and the like. 

10 The funszal lipolytic enzymes according to the present invention are particularly useful 
in the preparation of baked products, such as those prepared from a dough, including 
breads, cakes, sweet dough products, laminated doughs, liquid baiters, muffins, . 
doughnuts, biscuits, crackers and cookies. 

15 - The fungal lipolytic enzymes according to the present invention may also be used in 
bread-improving additive, e.g. dough compositions, - dough additive, dough 
conditioners, pre-mixes and similar preparations conventionally added to the flour 
and/or the dough during processes for making bread or other baked products to provide 
improved properties to the bread or other baked products. 

20 

Thus, the present invention further relates to a bread-improving composition and/or a 
dough-improving composition comprising a fungal lipolytic enzyme according to the 
present invention; and also to a dough or baked product comprising such a bread- 
improving and/or dough-improving composition. 

25 

The bread-improving composition and/or dough-improving composition may 
comprise, in addition to a fungal lipolytic enzyme according to the present invention, 
other substances, which substances are conventionally used in hairing to improve the 
properties of dough and/or baked products. . 


WO 2005/087918 


PCT/TB2(Kl5/00ftR75 


33 

The bread-improving composition and/or dough-improving composition may comprise 
one or more conventional baking agents, such as one or more of the following 
constituents: 

A milk powder, gluten, an emulsifier, granulated fat, an oxidant, an am?™ acid, a 
5 sugar, a salt, flour or starch. 

Examples of suitable emulsifiers are: monoglycerides, diacetyl tartaric acid esters of 
mono- and diglycerides of fetty acids, sugar esters, sodium stearoyl lactylate (SSL) 
and lecithins. 

10 

The bread and/or dough improving composition may further comprise another enzyme, 
such as one or more other suitable food grade enzymes, including starch degrading 
enzymes such as endo- or exoamylases, pulhilanases, debranching enzymes, 
hernicellulases including xylanases, cellulases. oxidoreductases, e.g. glucose oxidase, 
15 pyranose oxidase, sulfhydryl oxidase or a carbohydrate oxidase such as one which 
oxidises maltose, for example hexose oxidase (HOX), lipases, phospholipases and 
hexose oxidase, proteases and acyltransferases (such as those described in 
WO04/064987 for instance). 

20 The term '"improved properties" as used herein means any property which may be 
improved by the action of the fungal lipolytic enzymes of the present invention. In 
particular, the use of a fungal lipolytic enzyme according to the present invention 
results in one or more of the following characteristics: increased volume of the baked 
product; improved crumb structure of the baked product; anti-staling properties in the 

25 baked product; increased strength, increased stability, reduced stickiness and/or 
unproved macMnability of the dough 

The improved properties are evaluated by comparison with a dough and/or a baked 
product prepared without addition of the lipolytic enzyme according to the present 
30 invention. 
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The term "bated product" as used herein includes a product prepared from a dough. 
Examples of baked products (whether of white, light or dark type) which may be 
advantageously produced by the present invention include one or more of the 
following: bread (including white, whole-meal and rye bread), typically in the form of 
5 loaves or rolls or toast, French baguette-type bread, pitta bread, tortillas, tacos, cakes, 
pancakes, biscuits, crisp bread, pasta, noodles and the like. 

The dough in accordance with the present invention may be a leavened dough or a 
dough to be subjected to leavening. Hie dough may be leavened in various ways such 
10 as by adding sodium bicarbonate or the like, or by adding a suitable yeast culture such 
as a culture of Saccharomyces cerevisiae (bakers yeast). 

The present invention further relates to the use of fungal lipolytic enzymes io?; 
accordance with the present invention to produce a pasta dough, preferably prepared 
1 5 from durum flour or a flour of comparable quality. 

The fungal lipolytic enzymes according to the present invention are suitable for use in 
the enzymatic degumming of vegetable or edible oils. In processing of vegetable or 
edible oil the edible or vegetable oil is treated with a fungal lipolytic enzyme 

20 according to the present invention so as to hydrolyse a major part of the polar lipids 
(e.g. phospholipid and/or glycolipid). Preferably, the fatty acyl groups are hydroiysed 
from the polar lipids. The degumming process typically results in the reduction of the 
content of the polar lipids, particularly of phospholipids, in an edible oil due to 
hydrolysis of amajor part (Le. more than 50%) of the polar lipid, e.g. glycolipid and/or 

25 phospholipid. Typically, the aqueous phase containing the hydroiysed polar lipid (e.g. 
phospholipid and/or glycolipid) is separated from the oiL Suitably, the edible or 
vegetable oil may initially (pre-treatment with the enzyme according to the present 
invention) have a phosphorus content of 50-250 ppm. 

30 Furthermore, the present invention is directed to the use of a lipolytic enzyme 
according to the present invention for treatment of cheese products. 
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The lipolytic enzyme according to the present invention is also particularly suitable for 
use in the preparation of an animal feed 

As the skilled person is aware, the term K degnmming >> as used herein means the 
5 refining of oil by converting phosphatides (such as lecithin, phospoholipids and 
occluded oil) into hydratable phosphatides. Oil which has been degummed is more 
fluid and thus has better handling properties than oil "which has not been degummed 

The following table is merely for general guidance and provides an overview of the 
10 dosage level far a lipolytic enzyme according to the present invention which may be 
needed in different applications. The table further provides guidance in respect of the 
dosage level for a lipolytic enzyme according to the present invention when used in 
combination with an emnlsifier for example. Of course, as would be apparent to the . 
person of ordinary skill in the art optimisation of enzyme dosage, reaction temperature 
15 and reaction time may be readily determined, using routine experimentation, for any 
given application. 


Application 

"Optimal" dosage, 
TTPU/kg of flour 

Optimal dosage in 
combination with 
emulsifier 

Dosage range, 
TTPU/KG of flour 

Crusty rolls 

400 

120 . 

.300-800 

Straight dough 
toast bread 

400 

120 

300-800 

Straight dough long 
fermentation 

120 


75-250 

High speed mixing 
- Tweedy 
procedure 


120 

300-800 

US sponge & 
dough pan bread on 
top of DATEM 


120 

75-400 
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Wheat tortilla 

700 

Contains 
emulsifiers 

400-2500 

Cakes - sponge 
cakes 

2000 

Contains cake 
emulsifiexs 

1000-4000 

Retarded dougb (24 
hours) 

120 

Contains 
emulsifiers 

75-250 

Steam buns 

200 


150o00 

Instant fried 
noodles 



200-10,000 


ISOLATED 

5 In one aspect, preferably Hie sequence is in an isolated form. The term "isolated" 
means that tne sequence is at least substantially free from at least one other component 
with which the sequence is naturally associated in nature and as found in nature. 


PURIFIED 

10 

In one aspect, preferably the sequence is in a purified form. The term "purified" 
means that the sequence is in a relatively pure state - e.g. at least about 90% pure, or at 
least about 95% pure or at least about 98% pure. 

15 NUCLEOTIDE SEQUENCE 

The scope of the present invention encompasses nucleotide sequences encoding enzymes 
having the specific properties as defined herein. 

20 The term "nucleotide sequence" as used herein refers to an oligonucleotide sequence or 
polymicleoride sequence, and variants, homologues, fragments and derivatives thereof 
(such as portions thereof). The nucleotide sequence may be of genomic or synthetic or 
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recombinant origin, which, may be double-stranded or single-stranded whether 
representing tiie sense or anti-ssnse strand. 

The team "nucleotide sequence" in relation to the present invention includes genomic 
5 DNA* cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably 
cDNA sequence coding for the present invention. 

In a preferred embodiment the nucleotide sequence when relating to and when 
encompassed by the per se scope of the present invention does not include the native 

10 nucleotide sequence according to the present invention when in its natural environment 
and when it is linked to its naturally associated sequence(s) that is/are also in its/their 
natural environment For ease of reference, we shall call this preferred embodiment the 
ct non-native nucleotide sequence", hi this regard, the term "native nucleotide sequence" 
means an entire nucleotide sequence that is in its native environment and when 

15 operatively linked to an entire promoter with which it is naturally associated, which 
promoter is also in its native environment However, the amino acid sequence 
encompassed by scope the present invention can be isolated and/or purified post 
expression of a nucleotide sequence in its native organism. Preferably, however* the 
amino acid sequence encompassed by scope of the present invention may be expressed 

20 by a nucleotide sequence in its native organism but wherein the nucleotide sequence is 
not under the control of the promoter with which it is naturally associated within, that 
organism. 

PREPARATION OF THE NUCLEOTIDE SEQUENCE 

25 

Typically, the nucleotide sequence encompassed by scope of the present invention is 
prepared using recombinant DNA techniques (Le. recombinant DNA). However, in an 
alternative embodiment of the invention, the nucleotide sequence could be synthesised, 
in whole or in part, using chemical methods well known in the art (see Camthers MH 
30 et cd., (1980) Nuc Acids Res Symp Ser 215-23 and Horn T et al., (1980) Nuc Acids Res 
SympSer 225-232). 
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A nucleotide sequence encoding an enzyme whisk has the specific properties as 
defined herein may be identified and/or isolated and/or purified from 2ny ceU or 
organism producing said enzyme. Various methods are well known within the art for 
the iderrfificarion and/or isolation and/or purification of nucleotide sequences. By way 
5 of example, PCR amplification techniques to prepare more of a sequence may be used 
once a suitable sequence has been identified and/or isolated and/or purified 

By way of further example, a genomic DNA and/or cDNA library may be constructed 
. using chromosomal DNA or messenger RNA from the organism producing the 

10 enryrne. If the amino acid sequence of the enzyme or a part of the amino acid 
sequence of the enzyme is known, labelled oligonucleotide probes may be synthesised 
and used to identify enzyme-encoding clones from the genomic library prepared from 
fee organism. Alternatively, a labelled oligonucleotide probe containing sequences; 
homologous to another known enzyme gene could be used to identify enzyme- 

15 encoding clones. In the latter case, hybridisation and washing conditions of lower 
stringency are used. 

Alternatively, enzyme-encoding clones could be identified by inserting fragments of 
genomic DNA into an expression vector > such as a plasmid, transforming enzyme- 
20 negative bacteria with the resulting genomic DNA library, and then plating the 
transformed bacteria onto agar plates containing a substrate for the enzyme (e.g. 
maltose for a ghicosidase (mallase) producing enzyme), thereby allowing clones 
expressing the en2yme to be identified. 

25 In a yet further alternative, the nucleotide sequence encoding the enzyme may be 
prepared synthetically by established standard methods, e.g. the phosphoroarnidite 
method described by Beucage SJL et cd. s (1981) Tetrahedron Letters 22, p 1 859-1869, 
or the method described by Mar&es el aL t (1984) EMBO J. 3, p 801-805. In the 
phosphoroarnidite method, oligonucleotides are synthesised, e.g. in an automatic DNA 

30 synthesiser, purified, annealed, ligated and cloned in appropriate vectors. 
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Tie nucleotide sequence may be of mixed genomic and synthetic origin, mixed 
synthetic and cDNA origin* or mixed genomic and cDNA origin, prepared by ligating 
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with 
standard techniques. Each Kgated fragment corresponds to various parts of the entire 
5 nucleotide sequence. The DNA sequence may also be prepared by polymerase chain 
reaction (PGR) using specific primers, for instance as described in US 4,683,202 or in 
Saiki RKef aL, (Science (1988) 239, pp 487-491). 

Due to degeneracy in the genetic code, nucleotide sequences may be readily produced 
10 in which the triplet codon usage, for some or all of the amino adds encoded by the 
original nucleotide sequence, has been changed thereby producing a nucleotide 
sequence with low homology to the original nucleotide sequence but which encodes 
the same, or a variant, amino acid sequence as encoded by the original nucleotide 
sequence. For example, for most amino acids the degeneracy of the genetic code is at 
15 the third position in the triplet codon (wobble position) (for reference see Stryer, 
Lubert, Biochemistry, Third Edition, Freeman Press, ISBN 0-7167-1920-7) therefore, 
a nucleotide sequence in which all triplet codons have been st wobbled" in the third 
position would be about 66% identical to the original nucleotide sequence. However, 
the amended nucleotide sequence would encode for fee same, or a variant, primary 
20 amino acid sequence as the original nucleotide sequence. 

Therefore, the present invention further relates to any nucleotide sequence that has 
alternative triplet codon usage for at least one amino acid encoding triplet codon, but 
which encodes the same, or a variant, polypeptide sequence as the polypeptide 
25 sequence encoded by the original nucleotide sequence. 

Furthermore, specific organisms typically have a bias as to which triplet codons are 
used to encode amino acids. Preferred codon usage fables are widely available, and 
can be used to prepare codon optimised genes. Such codon optimisation techniques 
30 are routinely used to optimise expression of transgenes in a heterologous host 
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AMINO ACID SEQUENCES 

Hie scope of me present mvenfioE also encompasses amino acid sequences of 
enzymes having the specific properties as defined herein- 

As used herein, the term "amino acid sequence" is synonymous -with me term 
"polypeptide'' and/or the term "protein". In some instances, the term "amino acid 
sequence" is synonymous with thetenn "peptide-. In some instances, the term "amino 
acid sequence" is synonymons with the term "enzyme". 

The amino acid sequence may he F eparedfeolated from a suitable source, or it may be 
made synthetically or it may be prepared by use of recombinant DNA techniques. .. 

The enzyme encompassed in the present tendon may be used in conjunction with other 
15 enzymes. Thus the present inventionalso covers a combination of enzymes wherein.the 
combin'anou comprises the enzyme of the present invention and another, enzyme, which 
may be another enzyme according to the present invention. 

Preferably the amino acid sequence when relating to and when encompassed by meper 
20 Je scope of me present mv^^ 

enzyme" means an entire eazyrne that is in its native environment and when it has been 
expressed by its native nudeotide'seqaence. 


25 


30 


IDENTLTY/HOMOLOGY 

The present invention also encompasses the use of homologues of any amino acid 
sequence of an enzyme or of any nucleotide sequence encoding such an enzyme. 

Here, the term "homologue" means an entity having a certain homology with the 
amino acid sequences and the nucleotide sequences. Here, the term homology" can 
be equated with "identity". These terms will be used interchangeably herein- 
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Id the present context, a homologous amino acid sequence is taken to include an amino 
acid sequence wMch may be at least 92% identical, preferably at least 95, 96, 97, 98 or 
99% identical to the sequence. Typically, the homologies will comprise the same 
active sites etc, - e.g, as the subject amino acid sequence. Although homology can also 
5 be considered in terms of similarity (Le. amino add residues having smwlar chemical 
properties/functions), in the context of the present invention it is preferred to express 
homology in terms of sequence identity. 

Preferably, an homologous amino acid sequence according to the present invention is 
10 one which has at least 90% identity, more preferably at least 95, 96, 97, 98 or 99% 
identity, over a region of at least 30, more preferably 40, contiguous amino acids. 

In the present context, an homologous nucleotide sequence is taken, to include a. 
nucleotide sequence which may be at least 92% identical, preferably at least 95, 96, 97, 

15 98 or 99% identical to a nucleotide sequence encoding an enzyme of the present 
invention (the subject sequence). Typically, the homologues will comprise the same 
sequences that code for the active sites etc. as the subject sequence. Although 
homology can also be considered in terms of similarity (Le. amino acid residues 
having similar chemical properties/functions), in the context of the present invention it 

20 is preferred to express homology in teems of sequence identity. 

Preferably, an homologous nucleotide sequence- according to the present invention is 
one which has at least 90% identity, more preferably at least 95, 96, 97, 98 or 99% 
identity, over a region of at least 30, preferably 40, more preferably 60 contiguous 
nucleotides. 

25 

For the amino acid sequences and the nucleotide sequences, homology comparisons 
can be conducted by eye, or more usually, with the aid of readily available sequence 
comparison programs. These commercially available computer programs can calculate 
% homology between two or more sequences. 

30 

% homology may be calculated over contiguous sequences, i.e. one sequence is 
aligned with the other sequence and each amino add in one sequence is directly 
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compared with the corresponding amino acid in ins other sequence, one residue at a 
time. This is called an "ungapped" alignment Typically, such ungapped alignments 
are performed only over a relatively short number of residues. 

5 Although tins is a very simple and consistent method, it fails to take into consideration 
mat, for example, in an otherwise identical' pair of sequences, one insertion or deletion 
wffl cause me following amino acid residues to be put out of alignment, thus 
potentially resulting in a large reduction in % homology when a global alignment is 
performed. Consequently, most sequence comparison methods are designed to 

10 produce optimal alignments that take into consideration possible insertions and 
deletions without penalising unduly the overall homology score. This is achieved by 
inserting "gaps" in me sequence alignment to try to maximise local homology. 

However, these more complex methods assign "gap penalties" to each gap that occurs 

15 in the alignment so that, for the same number of identical amino acids, a sequence 
alignment with as few gaps as possible - reflecting higher relatedness between the two 
compared sequences - will achieve a higher score than one with many gaps. "Affine 
gap costs" are typically used that charge a relatively high cost for the existence of a 
gap and a smaller penalty for each subsequent residue in the gap. This is the most 

20 commonly used gap scoring system. High gap penalties will of course produce 
optimised alignments with fewer gaps. Most alignment programs allow the gap 
penalties to be modified. However, it is preferred to use the default values when using 
such software for sequence comparisons. For example when using the GCG 
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for 

25 a gap and -4 for each extension- 
Calculation of maximum % homology therefore firstly requires the production of an 
optimal alignment, taking into consideration gap penalties. A suitable computer 
program for carrying out such an alignment is the GCG Wisconsin Bestfit package 

30 (Devereux et a! 1984 Nuc. Acids Research 12 p387). Examples of other software than 
can perform sequence comparisons include, but are not limited to, the BLAST package 
(see Ausubel et aL, 1999 Short Protocols in Molecular Biology, 4 th Ed- Chapter 1 8), 
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FASTA (Altschul et aL, 1990 J. Mol BioL 403-410) and the GENEWORKS suite of 
comparison tools. Both BLAST and FASTA are available for offline and online 
searching (see Ausubel et dL, 1999, Short Protocols in Molecular Biology, pages 7-58 
to 7-60). 

5 

However, for some applications, it is preferred to use the GCG Bestfit program- A new 
tool, called BLAST 2 Sequences is also available for comparing protein and nucleotide 
sequence (see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 
177(1): 187-8 and tatiana@DcbLnlTn.m"h,gov). 

10 

Although the final % homology can be measured in terms of identity, the alignment 
process itself is typically not based on an aD-or-nothing pair comparison. Tnsfeari, a 
scaled similarity score matrix is generally used that assigns scores to each pairwise. 
comparison based on chemical similarity or evolutionary distance. An example of 

15 such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the 
BLAST suite of programs. GCG Wisconsin programs generally use either the public 
defeult values or a custom symbol comparison table if supplied (see user manual for 
further details). For some applications, it is preferred to use the public defeult values 
for the GCG package, or in the case of other software, the default matrix, such as 

20 BLOSUM62. 

Alternatively, percentage homologies may be calculated using the multiple alignment 
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to 
CLUSTAL (ffiggins DG & Sharp PM (1988), Gene 73(1), 237-244). 

25 

Once the software has produced an optimal alignment, it is possible to calculate % . 
homology, preferably % sequence identity. The software typically does this, as part of 
the sequence comparison and generates a numerical result 

30 The sequences may also have deletions, insertions or substitutions of amino acid 
residues which produce a silent chan g e and result in a functionally equivalent 
substance. Deliberate amino acid substitutions may be made on the basis of similarity 
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in amino acid properties (such as polarity, charge, solubility, hydrophobic^ 
hydrophilicity, and/ox the ampMpaftic nature of the residues) and it is therefore useful 
to group amino acids together in functional groups. Amino acids can be grouped 
together based on the properties of their side chain alone. However it is more useful to 

5 include mutation data as well The sets of amino acids thus derived are likely to be 
conserved for structural reasons. These sets can be described in the form of a Venn 
diagram (Livingstone CD. and Barton G.J. (1993) "Protein sequence alignments: a 
strategy fox the hierarchical analysis of residue conservation" ComputJppl Biosd. 9: 
745-756)(Taylor WJR. (1986) "The classification of amino acid conservation" 

10 J.Tkeor.Biol. 119; 205-218). Conservative substitutions may be made, for example 
according to the table below which describes a generally accepted Venn diagram 
grouping of amino acids. 


SET 

SUB-SET 

Hydrophobic 

FWYHKMILVAGC 

Aromatic 

FWYH 

Aliphatic 

ILV 

Polar 

WYHIREDCSTNQ 

Charged 

HKRED 

Positively 
charged 

HKR ! 

Negatively 
charged 

ED 

Small 

VCAGSPTND 

Tiny 

AGS 


15 The present invention also encompasses homologous substitution (substitution and 
replacement are both used herein to mean the interchange of an existing amino acid 
residue, with an alternative residue) that may occur Le. like-for-like substitution such 
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution 
may also occur Le. from one class of residue to another or alternatively involving the 

20 inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z), 
dianunobutyric acid ormtMne (hereinafter referred to as B), norleucine ornithine 
(hereinafter referred to as O), pyriylalanine, tMenylalanine, naphmylalanme and 
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phenylglycine. 

Replacements may also be made by unnatural amino acids. 

5 Variant amino acid sequences may include suitable spacer groups that may be inserted 
between any two amino add residues of fee sequence including alkyl groups such as 
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or |J- 
alanine residues. A further form of variation, involves the presence of one or more 
fltrrinn acid residues in peptoid form, will be well understood by those skilled in the art 
10 For the avoidance of doubt, tc the peptoid form** is used to refer to variant amino acid 
residues wherein the <x-carbon substituent group is on the residue's nitrogen atom 
rather than the a-carboru Processes for preparing peptides in the peptoid form are 
known in the art, for example Simon RJ et al. 9 PNAS (1992) 89(20), 9367-9371 and :. 
HorwellDC, Trends Biotechnol (1995) 13(4), 132-134. 

15 

The nucleotide sequences for use in the present invention may include within them 
synthetic or modified nucleotides. A number of different types of modification to 
oligonucleotides are known in the art These include methylphosphonate and 
pbosphorothioate backbones and/or the addition of acridine or polyiysine chains at the 
20 V and/or 5' ends of the molecule. For the purposes of the present invention, it is to be 
understood that the nucleotide sequences described herein may be modified by any 
method available in* the art Such modifications may be carried out in order to enhance 
the in vivo activity or life span of nucleotide sequences of the present invention. 

25 The present invention also encompasses the use of nucleotide sequences that are 
complementary to the sequences, presented herein, or any derivative* fragment or 
derivative thereof If the sequence is complementary to a fragment thereof then that 
sequence can be used as- a probe to identify similar coding sequences in other 
organisms eta 

30 

Polynucleotides which are not 100% homologous to the sequences of the present 
invention but fell within the scope of the invention can be obtained in a number of ways. 
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Other variants of the sequences described herein may be obtained for example by probing 
DNA libraries made from a range of individuals, for example individuals from different 
populations. In addition, after homologues may be obtained and such homologues and 
fragments thereof in general -will be capable of selectively hybridising to the sequences 

5 shown in me sequent listhig hereon. Such sequences may be obtained by probing cDNA 
libraries made from or genomic DRA libraries from other species, and probing such 
libraries -with probes comprising all or part of any one of the sequences in the attached 
sequence listings under conditions of medium to high stringency. Similar considerations 
apply to obtaining species homologues and allelic variants of the polypeptide or 

1 0 nucleotide sequences of the invention- 
Variants and strain/species homologues may also be obtained using degenerate PCR 
which will use primers designed to target sequences within the variants and homologues* 
encoding conserved amino acid sequences within the sequences of the present invention. 

15 Conserved sequences can be predicted, for example, by aligning the amino acid 
sequences from several variants/homologues. Sequence alignments can be performed 
using computer software known in the art For example the GCG Wisconsin Pile-Up 
program is widely used. 

20 The primers used in degenerate PCR will contain one or more degenerate positions and 
will be used at stringency conditions lower than those used for cloning sequences with 
single sequence primers against known sequences. 

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of 
25 characterised sequences. This may be useful where for example silent codcm sequence 
changes are required to optimise codon preferences for a particular host cell in which the 
polynucleotide sequences are being expressed. Other sequence changes may be desired 
in order to introduce restriction enzyme recognition sites, or to after the property or 
function of the polypeptides encoded by the polynucleotides. 


30 


Polynucleotides (nucleotide sequences) of the invention may be used to produce a primer, 
e.g. a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled 
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with a revealing label by ccraveafional means using radioactive or non-radioactive labels; 
or the polynucleotides may be cloned into vectors. Such primers, probes and other 
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40 
nucleotides in length, and are also encompassed by the term, polynucleotides of the 
5 invention as used herein. 

Polynucleotides such as DNA polynucleotides and probes according to the invention may 
be produced recombmanfly, synthetically, or by any means available to those of skill in 
the art They may also be cloned by standard techniques. 

10 

In general, primers will be produced by synthetic means, involving a stepwise 
manufacture of fee desired nucleic acid sequence one nucleotide at a time. Techniques* 
for accomplishing ttris using automated techniques are readily available in the art 

15 Longer polynucleotides will generally be produced using recombinant means, for 
example using a PCR (polymerase chain reaction) cloning techniques. The primers may 
be designed to contain suitable restriction enzyme recognition sites so that the amplified 
DNA can be cloned into a suitable cloning vector. 

20 BIOLOGICALLY ACTTVE 

Preferably, the variant sequences etc. are at least as biologically active as the 
sequences presented herein. 

25 As used herein "biologically active" refers to a sequence having a similar structural 
function (but not necessarily to the same degree), and/or similar regulatory function 
(tart not necessarily to the same degree), and/or similar biochemical function (but not 
necessarily to the same degree) of the naturally occurring sequence. 
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HYBRIDISATION 

The present indention also encompasses sequences that arc complementary to the 
nucleic acid sequences of the present invention or sequences that are capable of 
5 hybridising either to the sequences of the present invention or to sequences that are 
complementary thereto. 

The term "hybridisation" as used herein shall include "the process by which a strand of 
nucleic- acid joins with a complementary strand through base pairing" as well as the 
10 process of amplification as carried out in polymerase chain reaction (PGR) 
technologies. 

The present invention also encompasses the use of nucleotide sequences that , are,: 
capable of hybridising to fee sequences that are complementary to the sequences 
15 presented herein, or any derivative, fragment or derivative thereof. 

The term "variant" also encompasses sequences that are complementary to sequences 
•mat are capable of hybridising to the nucleotide sequences presented herein, 

20 Preferably, the term "variant 55 encompasses sequences mat are complementary to 
sequences that are capable of hybridising under stringent conditions (e.g. 50°C and 
0.2xSSC {IxSSC = 0.15 M NaCl, 0.01-5 M Na 3 citrate pH 7.0}) to the nucleotide 
sequences presented herein. 

25 More preferably, the term 'Variant" encompasses sequences that are complementary to 
sequences tot are capable of hybridising under high stringent conditions (e.g. 65°C 
and O.lxSSC {IxSSC = 0.15 M NaO, 0.015 M Na 3 citrate pH 7.0}) to the nucleotide 
sequences presented herein. 

30 The present invention also relates to nucleotide sequences that can hybridise to the 
nucleotide sequences of the present invention (including complementary sequences of 
those presented herein). 
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The present invention also relates to nucleotide sequences that are complementary to 
sequences that can hybridise to the nucleotide sequences of the present invention 
(inchiding complementary sequences of those presented herein). 

5 

Also included within the scope of the present invention are polynucleotide sequences 
fhnt are capable of hybridising to the nucleotide sequences presented herein under 
conditions of intermediate to maximal stringency. 

10 In a preferred aspect, fee present invention covers nucleotide sequences that can 
hybridise to the nucleotide sequence of the present invention, or the complement 
thereof, under stringent conditions (e.g. 50°C and 0.2xSSC). 

In a more preferred aspect, the present invention covers nucleotide sequences that can 
15 hybridise to the nucleotide sequence of the present invention, or the complement 
thereof, under high stringent conditions (e.g, 65°C and O.lxSSC). 

RECOMBINANT 

20 In one aspect the sequence for use in the present invention is a recombinant sequence - 
Le. a sequence that has been prepared using recombinant DNA techniques. 

These recombinant DNA techniques are within the capabilities of a person of ordinary 
skill in the art Such techniques are explained in the literature, for example, J. Sambrook, 
25 E. F. Fritsch, and T. Maniafis, 1989, Molecular Cloning: A- Laboratory Manual, Second 
Edition, Books 1-3, Cold Spring Harbor Laboratory Press. 

SYNTHETIC 


30 In one aspect the sequence for use in the present invention is a synthetic sequence - 
i.e. a sequence that has been prepared by in vitro chemical or enzymatic synthesis. It 
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includes, but is not limited to, sequences made vtih optimal codon usage for host 
organisms -such as the methylotrophic yeasts Pichia an&Eansemda. 

EXPRESSION OF ENZYMES 

Tie nucleotide sequence for use in the present invention may be incorporated into a 
recombinant replicable vector. The vector may be used to replicate and express the 
nucleotide sequence, in enzyme farm, in and/or from a compatible host cell. 

10 Expression may be controlled using control sequences e.g. regulatory sequences. 

The enzyme produced by a host recombinant cell by ej^ression of the nucleotide 
sequence may be secreted or may be contained mtracellularlv depending .on the. 
sequence and/or the vector used. The coding sequences may be designed with signal 
15 sequences which direct secretion of the substance coding sequences through, a 
particular prokaryotic or eukaryotic cell membrane. 

EXPRESSION VECTOR 

The term "expression vector" means a construct capable of in vrw or in vitro expression. 


20 


25 


30 


Preferably, the expression vector is incorporated into the genome of a suitable host 
organism. The term "incorporated" preferably covers stable incorporation into foe 


genome. 


The nucleotide sequence of the present invention may be present in a vector in which the 
nucleotide sequence is operahly linked to regulatory sequences capable of providing for 
the expression of the nucleotide sequence by a suitable host organism. 

The vectors for use in the present invention may be transformed into a suitable host 
cell as described below to provide for expression of a polypeptide of the present 
invention. 
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The choice of vector e.g. a plasmid, cosmid, or phage vector will often depend on the 
host cell into which it is to be introduced. 

5 The vectors for use in the present invention may contain one or more selectable marker 
genes such as a gene which confers antibiotic resistance eg. ampicillin, kanamycin, 
chloramphenicol or tetracyclin resistance. Alternatively, the selection may be 
accomplished by ^-transformation (as described in W091/1 7243). 

10 Vectors may be used in vitro, for example for the production of RNA or used to 
transfect, transform, transduce or infect a host cell. 

Thus, in a further embodiment, the invention provides a method of making nucleotide 
sequences of the present invention by introducing a nucleotide sequence of the present 
15 invention into a replicable vector, introducing the vector into a compatible host cell, 
and growing the host cell wider conditions which bring about replication of the vector. 

The vector may further comprise a nucleotide sequence enabling the vector to replicate 
in the host cell in question. Examples of such sequences are the origins of replication 
20 of plasmids pUC19, pACYC177, pUBllO, pE194, pAMBl and pIJ702. 

REGULATORY SEQUENCES 

In some applications, the nucleotide sequence for use in the present invention is 
25 operably linked to a regulatory sequence which is capable of providing for the 
expression of the nucleotide sequence, such as fay the chosen host cell. By way of 
example, the present invention covers a vector comprising the nucleotide sequence of 
the present invention operably linked to such a regulatory sequence, i.e. the vector is 
an expression vector. 

30 

The term "operably linked 11 refers to a juxtaposition wherein the components described 
are in a relationship permitting them to function in their intended manner. A 
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regulatory sequence "opsrably linked" to a coding sequence is ligated in such a way 
that expression of the coding sequence is achieved under condition compatible with 
■die control sequences. 

The term "regulatory sequences" includes promoters and enhancers and other 
expression regulation signals. 

The term "promoter" is used in the normal sense of 1he art, eg. an KNA polymerase 
binding site. 

Enhanced expression of the nucleotide sequence encoding the enzyme of the present 
invention may also he achieved by the selection of heterologous regulatory regions, 
e.g. promoter, secretion leader and te rminato r regions. 

Preferably, the nucleotide sequence according to the present invention is opsrably linked 
to at least a promoter. 

• Examples of suitable promoters for directing the transcription of the nucleotide 
sequence in a bacterial, fungal or yeast host are well known in the art. 

20 

CONSTRUCTS 

The term "construct" - which is synonymous with terms such as "conjugate", "cassette" 
25 and "hybrid" - includes a nucleotide sequence for use according to the present invention 
directly or indirectly attached to a promoter. 

An example of an indirect attachment is the provision of a suitable spacer group such as 
an intron sequence, such as the Shi -intron or the ADH intron, mtermediate the promoter 
0 and the nucleotide sequence of the present invention. The same is true for the term 
"fused" in relation to the present invention which includes direct or indirect attachment 
In some cases, the terms do not cover the natural combination of the nucleotide sequence 


WO 2005/OS791R 


PCT/TB2QC5/O0OS75 


53 

coding for die protein ordinarily associated with the wild type gene promoter and when 
they are both in thsir natural eavironmsnt 

The construct may even contain or express a marker, which allows for the selection of the 
5 genetic construct 

For some applications, preferably the construct of the present invention comprises at least 
the nucleotide sequence of the present invention operably linked to a promoter. 

10 

HOST CELLS 

The team "host cell" - in relation to the present invention includes any cell that 
comprises either the nucleotide sequence or an expression vector as described above 
15 and which is used in the recombinant production of an enzyme having the specific 
properties as defined herein* 

Thus, a further embodiment of the present invention provides host cells transformed or 
transfected with a nucleotide sequence that expresses the enzyme of the present 
20 invention. The cells will be chosen to be compatible with the said vector and may for 
example be prokaryotic (for example bacterial), fungal yeast or plant cells. 
Preferably, the host cells are not human cells. 

Examples of suitable bacterial host organisms are gram positive or gram negative 
25 bacterial species. 

Depending on the nature of the nucleotide sequence encoding the enzyme of the 
preS ent invention, and/or the desirability for further processing of the expressed 
protein, eukaryotic hosts such as yeasts or other fungi may be preferred In general, 
30 yeast cells are preferred over fungal cells because they are easier to manipulate. 
However, seme proteins are either poorly secreted from the yeast cell, or in some cases 
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are not processed property (e.g. hypsrgiycosylafion in yeast). In these instances, a 
different fungal host organism should be selected 

The use of suitable host cells - such as yeast, fungal and plant host cells - may provide 
5 for post-translational modifications (e.g. myiisioylation, glycosylanotL truncation, 
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to 
confer optimal biological activity on recombinant expression products of the present 
invention. 

1 0 The host cell may be a protease deficient or protease minus strain. 

The genotype of the- host cell may be modified to improve expression. 

Examples of host cell modifications include protease deficiency, supplementation of 
15 rare tRNA's, and modification of the reductive potential in the cytoplasm to enhance 
disulphide bond formation. 

For example, the host cell K ooli may overexpress rare tRNA's to improve expression 
of heterologous proteins as exemplified/described in Kane {Ciar Opin BiotecJmol 

20 (1995), 6, 494-500 "Effects of rare codon clusters on high-level expression of 
heterologous proteins in Rcolf). The host cell may be deficient in a number of 
reducing enzymes thus favouring formation of stable disulphide bonds as 
exemplified/described in Bessette* (Proc Natl Acad Sci USA (1999), 96, 13703-13708 n 
Efficient folding of proteins vrith multiple disulphide bonds in the Escherichia coli 

25 cytoplasm"). 

ORGANISM 

The -tern "organism" in relation to the present invention includes any org anism that could 
30 comprise the nucleotide sequence coding for the enzyme according to the present 
invention and/or products obtained therefrom, and/or wherein a promoter can allow 


WO 2005/OR7918 


PCT/TB2005/00OR75 


55 

expression of the nucleotide sequence according to the present invention "when present in 
the organism. 

Suitable organisms may include a prokaryote, firngu^ yeast or a plant 

5 

Trie term '"transgenic organism" in relation to the present invention includes any organism 
that comprises the nucleotide sequence coding for the enzyme according to the present 
invention and/or the products obtained therefrom, and/or wherein a promoter can allow 
expression of the nucleotide sequence according to the present invention within the 
10 orsanism. Preferably the nucleotide sequence is incorporated in the genome of fee 
organism. 

The term 'transgenic organism" does not cover native nucleotide coding sequences..ini 
their natural environment when they are under the control of their native promoter winch 
15 is also in its natural environment 

Therefore, the transgenic organism of the present invention includes an organism 
comprising any one of, or combinations of, the nucleotide sequence coding for the- 
enzyme according to the present invention, constructs according to the present invention, 
20 vectors according to the present invention, plasmids according to the present invention, 
cells according to the present invention, tissues according to the present invention, or the 
products thereof 

For example the transgenic organism may also comprise the nucleotide sequence coding 
25 for the enzyme of the present invention under the control of a heterologous promoter. 

TRANSFORMATION OF HOST CHXS/ORGANISM 

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism. 
30 Examples of suitable prokaryotic hosts include R coli and Bacillus subtilis. 
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Teachings on the transformation of prokaiyotic hosts is well documented in the ait, for 
example see Sambrook ex d (Molecular Cloning: A Laboratory Manual, 2nd edition, 
19S9, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the 
nucleotide sequence may need to be suitably modified before transformation - such as 
5 by removal of introns. 

Filamentous fungi cells may be transformed using various methods known in the art - 
such as a process involving protoplast formation and transformation of the protoplasts 
followed by regeneration of the cell wall in a manner known. The use of Aspergillus 
10 as a host microorganism is described inEP 0 238 023. 

Another host organism can be a plant A review of the general techniques used for 
transforming plants may be found in articles by Potrykus {Annu Rev Plant Physiol '■' 
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech 
15 March/April 1994 17-27). Further teachings on plant transformation may be found in 
EP-A-0449375. 

General teachings on the transformation of fimgL yeasts and plants are presented in 
following sections. 

20 

TRANSFORMS) FUNGUS " 

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable 
such hosts include any member belonging to the genera Thennomyces, Acreroonium, 
25 Aspergillus, Pemcilliunx Mucor 5 Neurospora, Trichodeima and the like. 

Teachings on transforming filanientous fungi are reviewed in US-A-5741665 which 
states that standard techniques for transformation of filamentous fungi and culturing 
the fungi are well known in the art An extensive review of techniques as applied to K 
30 crassa is found, for example in Davis and de Seires, Methods Enzymol (1971) 17A: 
79-143. 
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Further teachings on transforming filamentous fungi are reviewed in US-Ao674707. 

In one aspect, the host organism can be of the genus Aspergillus* such as Aspergillus 
' 5 • niger. 

A transgenic Aspergillus according to the present invention can also be prepared by 
following, for example, the teachings of Turner G. 1994 (Vectors for genetic 
manipulation. In: Martineffi SD-, Kin^horn J.R-( Editors) Aspergillus: 50 years oil 
10 Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666). 

Gene expression in filamentous fungi has been reviewed in Punt et al. (2002) Trends 
Biotechnol 2002 May;20(5):200-6 S Archer & Pebsrdy Crit Rev Biotechnol (1997)= 
17(4):273-306. 

15 

TRANSFORMED YEAST 

Iq another embodiment, the transgenic organism can be a yeast 

20 A review of the principles of heterologous gene expression in yeast are provided in, for 
example, Methods Mol Biol (1995) s 49:341-54, and Curr Opin Biotechnol (1997) 
Oct;8(5)554-60 

In this regard, yeast - such as the species Saccharornyces cerensiae or Pichia pastoris 
25 (see FEME Microbiol Rev (2000 24(l):45-66), may be used as a vehicle for 
heterologous gene expression. 

A review of the principles of heterologous gene expression in Saccharornyces cerevisiae 
and secretion of gene products is given by E HinchcliflFe E Kenny (1993, "Yeast as a 
30 vehicle for the expression of heterologous genes", Yeasts, Vol 5, Anthony H Rose and 
J Stuart Harrison, Eds., 2nd edition, Academic Press Ltd.). 
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For the transformation of yeast, several tansfonriation protocols have besa deveiopsd. 
For example, a transgenic Saccharomyces according to the present invention can be 
prepared by following the teachings of Hmneu et (1978, Proceedings of the National 
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275, 
5 104); and Ito.H et al (1983, J Bacteriology 153, 163-168). 

The transformed yeast cells may be selected using various selective markers - such as 
auxotrophic markers dominant antibiotic resistance markers. 

10 

TRANSFORMED PLANTS/PLANT CELLS 

A host organism suitable for the present invention may be a plant A review of the- ; 
general techniques may be found in articles by Potrykus (Armu Rev Plant Physiol Plant 
15 Mol Biol [1991] 42205-225) and Christou (Agro-Food-Industry Hi-Tech March/April 
1994 17-27). 


20 CULTURING AND PRODUCTION 

Host cells transformed with the nucleotide sequence of the present invention may be 
* cultured under conditions conducive to the production of the encoded enzyme and 
which facilitate recovery of the enzyme from the cells and/or culture medium- 

25 

The medium used to cultivate the cells may be any conventional medium suitable for 
growing the host cell in questions and obtaining expression of the enzyme. 

Ihe protein produced by a recombinant cell may be displayed on the surface of the 
30 celL 
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The enzyme may be secreted from the host cells and may conveniently be recovered 
from the culture medium using well-known procedures. 

SECRETION 

5' ' 

Often, it is desirable for the enzyme to be secreted from the expression host into the 
culture medium from where the enzyme may be more easily recovered. According to 
the present invention, the secretion leader sequence may be selected on the basis of the 
desired expression host Hybrid signal sequences may also be used with the context of 

10 the present invention. 

Typical examples of heterologous secretion leader sequences are those originating 
from the fungal amyiogiucosidase (AG) gene (glaA - both 18 and 24 amino acicL 
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces, 
15 KLuyveromyces and Hartsemda) or the a-amylase gene (Bacillus). 

By way of example, the secretion of heterologous proteins in £1 coli is reviewed in 
Methods Enzymol (1990) 182:132-43. 

20 

DETECTION 

A variety of protocols for detecting and measuring the expression of the amino acid 
sequence axe known in the art Examples include enzyme-linked immunosorbent 
25 assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting 
(FACS). 


A wide variety of labels and conjugation techniques are known by those skilled in the 
art and can be used in various nucleic and amino acid assays. 
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A number of companies such as Pharmacia Biotech (Piscataway, NJ) ; Promega 
(Madison, WI), and US Biochemical Corp (Cleveland, OH) sirpply commercial kits 
and protocols for these procedures. 

5 Suitable reporter molecules or labels include those radionuclides, enzymes, 
fluorescent chernilumiriesceni, or chromogenic agents as well as substrates, cefaclors, 
inhibitory magnetic particles and the like. Patents teaching the use of such labels 
include US~A-3,8 1 7 9 837; US-A~3,850,752; US-A^3,939,350; US- A-3 ,996,345; US-A- 
4,277,437; US-A-4,275,149 and US-A-4,366,24L 

10 

Also, recombinant immunoglobulins may be produced as shown in US-A-4 5 8 1 6,567. 
FUSION PROTEINS 

15 

The amino acid sequence for use according to the present invention may be produced 
as a fusion protein, for example -to- aid in extraction and purification. Examples of 
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA 
binding and/or transcriptional activation domains) and (JJ-galactosidase). It may also 
20 be convenient to include a proteolytic cleavage site between the fusion protein partner 
and the protein sequence of interest to allow removal of fusion protein sequences. 

Preferably, the fusion protein will not hinder the activity of the protein sequence. 

25 Gene fusion expression systems in K coli have been reviewed in Curr Opin 
Biotechnol (1995) 6(5):501-6. 

In another emhodiment of the invention, the amino acid sequence may be ligated to a 
heterologous sequence to encode a fusion protein. For example, for screening of 
30 peptide libraries for agents capable of affecting the substance activity, it may be useful 
to encode a chimeric substance expressing a heterologous epitope that is recognised by 
a commercially available antibody. 
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LARGE SCALE APPLICATION 

la one preferred embodiment of the present invention, the amino acid sequence is used 
5 for large scale applications. 

Preferably the amino acid sequence is produced in a quantity of from lg per litre to 
about 2g per litre of Hie total cell culture volume after cultivation of the host organism. 

10 Preferably the amino acid sequence is produced in a quantity of from lOOmg per litre 
to about 900mg per litre of the total cell culture volume after cultivation of the host 
organism. 

Preferably the amino acid sequence is produced in a quantity of from 250mg per litre 
15 to about 50Qmg per litre of the total cell culture volume after cultivation of the host 
organism. 

FOOD 

20 The composition of the present invention may be used as — or in the preparation of - a 
food. Here, the term "food^Js used in a broad sense - and covers food for humans as 
well as food for HTwmalg (i.e. a feed). In a preferred aspect, the food is for human 
consumption. 

25 The food may be in the form of a solution or as a solid - depending on the use and/or 
the mode of application and/or the mode of administration. 

FOOD INGREDIENT 

30 The composition of the present invention may be used as a food ingredient 
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As used herein the tarn "food ingredient" includes a formulation, which, is or can be 
added to junctional foods or foodstuffs and includes formulations which can be used at 
low levels in a wide variety of products that require, for example, acidifying or 
emulsifying- 

5 

The food ingredient may be in fee form of a solution or as a solid - depending on the 
use and/or themode of application and/or the mode of adrdmstration. 

FOOD PRODUCTS 

10 

The composition of the present invention can be used in the preparation of rood 
products such as one or more o£ confectionery products, dairy products, poultry 
products, fish products and bakery products. 

15 The present invention also provides a method of preparing a food or a food ingredient, the 
method comprising admixing a lipolytic enzyme according to the present invention with 
another food ingredient 


20 EXAMPLES 

The present .invention wfll now be described, by way of example only, in which 
reference may be made to the following' figures: 

25 Figure 1 shows profiles of lipase activity Gndicated by hatched areas, marked as pool 
B) and protein (broken line) obtained after TEC chromatography. 

Figure 2 shows purified fungal lipolytic enzyme flane 3-5) applied to a gel (NU- 
PAGE, 4-12%, Mes-buffer, prepared as described by the mamrfectureT, Novex, USA), 
■which was men commassie stained. 

30 

Figure 3 shows chromatogram #61. 
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Figure 4 shows SDS-PAGB of fractions from the Butyl Sepharose coltrmn (P; Pool 
#172-174 lOOU/mL diluted 1:10; Std = standard protean series). 

Figure 5 shows mini baking experiments with 1) Chr #61 frac. 9. 2) Pool #172-#174. 
5 3) Chr. #61 frac. 14. 4) Control. 5) Lipase #3044. 

Figure 6 shows GLC analysis of dough lipids digalactosyldiglyceride (DGDG) and 
digalactosylmonogiyceride (DGMG) from BS8948-2 

10 Figure 7 shows alignment of amino acid sequences of all CBS peptides to the lipase of 
the Japanese strain of K heterosporum (Nagao et al. 1994). Identical and similar (well- 
conserved) amino adds are marked below the alignment with * and \ respectively. 

Figure 8 shows a nucleotide sequence and translated amino acid sequence of the 
15 synthetic F. heterosporum (CBS 782.83) lipolytic enzyme gene fused to the synthetic 
alpha-signal sequence. The amino acid sequence is presented above the nucleotide 
sequence. The nucleotides containing the restriction enzyme sites Eco RI and Bam HI 
are underlined and the translations! start and stop codons are double underlined. An 
arrowhead marks die position of the fusion between fee alpha-signal sequence and the 
20 lipolytic enzyme gene. Arrows indicate the primers used for the assembly of the gene. 

Figure 9 shows a schematic representation of the Hansemda expression vector pB14 
containing the synthetic F. heterosporum (CBS 782.83) lipolytic enzyme gene 
(LIPASE) fused to a synthetic alpha-signal sequence (alpha ss). URA3, orotidine-5'- 
25 phosphate-decarboxyiase gene for uracil complementation for selection in Hansemda. 
HARS, Autonomously .replicating sequence for replication in Hansemda. FMD-P, 
FMD promoter for expression in Hansemda. 

Figure 10 shows phosphoKpase activity of selected Hansemda polymorpha clones 
30 containing the synthetic F. heterosporum lipolytic enzyme gene. Lecithin was used as 
substrate and the free fatty acid was detennined using the NEFA kit (Roche). 
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Figure 11 shows a minibread baked with increased dosaga(PLU) of phospholipase 
sample 205 and Lipopan F™. 

Figure 12 shows GLC analysis of dough lipids. DGDG- digalactosyldiglyceride. 
5 DGMG digalactosylmoBoglyoeride. Sum= DGDG+DGMG (Example 3). 

Figure 13 shows a HPTLC chromatogram of A) References: 1. Fractionated flour 
lipid, 2. Hydrolyzed DGDG, 3. DGDG. B) lipids extracted from dou^b: 4. Control, 5. 
2000 PLU-7/k:g sample 205, and 6. 40 ppm Lipopan F™. 

10 

Figure 14 shows GLC analj'sis of isomer digalactosyl- monodyceride in dough treated 
with a lipolytic enzyme derived from Fusarium heterosporum. ... , 

Fisure 15 shows activity of lipolytic enzyme derived from Fusarium heterosporum 
15 determined by 10 minutes of enzymation on lecithin substrate, pH 7.0 9 at various 
temperatures and subsequent determination of free fatty acids by the NEFA C method 

Figure 16 shows activity of lipolytic enzyme derived from Fusarium heterosporum 
determined after 30 minutes of incubation in 50 mM phosphate buffer at 3 TEPU/ml « 
20 and various temperatures (50 mM phosphate, buffer, pH 7.0) by 10 minutes of 
enzymation on lecithin substrate (without CaCl 2 ) at 37°C and pH 7.0 and subsequent 
detenninalion of free fatty acids by the NEFA C method. 

Figure 17 shows activity of lipolytic enzyme derived from Fusariian heterosporum 
25 determined after 10 minutes of enzymation on lecithin substrate (without CaCL) at 
37°C and various pH (50 mM phosphate buffer) and subsequent determination of free 
fatty acids by the NEFA C method 

Figure 18 shows activity of lipolytic enzyme derived from Fusarium heterosporum 
30 determined after 30 minutes of incubation in 50 mM phosphate buffer at 3 TEPUAnl 
and various pH (50 mM phosphate buffer) by 10 minutes of enzymation on lecithin 
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substrate (without CaCla) at 37°C and pH 7.0 and subsequent dete rminatio n of fee 
fetty acids by the NEFA C method. 

Figures 19a and 19b show the determination of the molecular weight, as determined by 
5 SDS-PAGE, of a lipolytic enzyme derived firopi Fusarium heterosparum 

Figure 20 depicts the temperature optimum for a lipolytic enzyme according to the 
present invention. The enzyme reaction was carried out at various temperatures. 

10 Figure 21 depicts the amount of lecithin in enzyme-rnodified egg yolk as a function of 
reaction time at A: 30°C, B: 40°C, and C: 50°C. The amount of lecithin was analysed 
by LC/MS-MS and is expressed as percentage of egg yolk. 

Figure 22 depicts the amount of lyso-lecithin in enzyme-modified egg yolk as a 
15 function or reaction time at A: 30°C, B: 40°C, and C: 50°C. The amount of lyso- 
lecithin was analysed by LC/MS-MS and is expressed as percentage of egg yolk. 

Figure 23 depicts "the amount of free fetty acid in enzyme modified egg yolk as. a 
function of reaction time at A: 30°C, B: 40°C and C: 50°C. The amount of free fatty 
20 add was analysed by the NEFA C method and is expressed as percentage of egg yolk. 

Figure 24 depicts the enzymatic conversion of egg yolk with a lipolytic enzyme 
according to the present invention (Example 4). The amounts of iyso-lecifliin (A), free 
fatty acid (B), and lecithin (C) as a function of reaction time. The error bars indicate 
25 the standard deviation of the double determinations (n=2). The amount of lecithin and 
lysolecithin were determined by LC/MS-MS and the amount of free fatty acid was 
determined by the NEFA C method. Results are expressed as percentage of egg yolk. 

Figure 25 depicts the enzymatic conversion of egg yolk with Lecitase® Ultra 
30 phospholipase from Novozymes A/S (Example 4). The amounts of lyso-lecithin (A), 
free fatty acid (B) 5 and lecithin (C) as a function of reaction time. The error bars 
indicate the standard deviation of the double determinations (n=2). The amount of 
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lecithin and l) r solscithia were determined by LC/MS-MS and the amount of free fatty 
acid was determined by the NEFA C method. Results are expressed as percentage of 
egg yolk. 

5 Figure 26 shows TLC analysis (the solvent was chloroform rmefhanolrwater (65:24:4)) 
of lipid extract from modified egg yolk (Example 4). 1:PC and LPC standard. 2: 
Lipolytic enzyme according to the present invention, 10°^ 240 min. 3: Lipolytic 
enzyme according to the present invention. 20°C, 240 min. 4: Lipolytic enzyme 
according to the present invention, 53°C, 240 min. 5: lipolytic enzyme according to 

10 the present invention, 20°C, 1440 min. 6: Lecitase© Ultra, 10°C, 4h. 7: Lecitase© 
Ultra, 20°C, 240 min. 8: Lecitase® Ultra, 53°Q 4h. 9: Lecitase® Ultra, 20°C, 1440 
mm 10: Control sample. The compounds listed to the left of the TLC plate are .r. 
cholesterol (C), triacylglyceride (TG), diacylglyceride (DG), free fatty acid (FFA),. 
monoacylglyceride (MG), pho^hatidyle&anolamine (PE), phosphatidylcholine (PC) > 

15 lyso-phosphandylethanolsmine (LPE) ? and tyso-phosphandylcholine (LPC). 

Figure 27 depicts the relation between change in lyso-letithia and free fatty acid 
content during enzymation of egg yolk with a lipolytic enzyme according to the 
present invention and Lecitase® Ultra phospholipases, respectively (Example 4). The 
20 results are based on a molar weight of lyso-lecithin of 523 and a molar weight of free 
fatty acids of 283. Free fatty acid was determined by the NEFA C method lysolecithin 
and lecithin was determined by LC/MS-MS. 

Figure 28 shows HP TLC analysis (the solvent was p-ethenMTBE : acetic acid 
25 (50:50:1)) of lipid extract from modified egg yolk (Example 4). The compounds listed 
to the left of the TLC plate are triacylglyceride (TG), free fetty acid (FFA), 13 
diacylglyceride (13 DG); 1,2 diacylglyceride (1,2 DG),cholesterol (C), 
monoacylglyceride (MG)» phosphatidylethanolamine (PE), phosphatidylcholine (PCX 
lyso-phosphatidylethanolamine (LPE), andlyscnphosphatidylcholine (LPC). 

30 

Figure 29 shows TLC analysis (solvent IV) of mayonnaise made with enzyme- 
modified egg yolk from Sanofa A/S (Example 5). 
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Figure 30 shows mayonnaise prepared from enzyme-modified egg yolk from Sanofa 
A/S heat-treated in a microwave oven (Example 5). Sample 1 was a control with water 
added instead of enzyme solution, sample 2 contained 30 U/g lipolytic enzyme 
5 according to the present invention, and sample 3 contained 30 U/g Lecitase® Ultra, 

Figure 31 shows the specific bread volume of hard crusty rolls baked with different 
concentrations of a lipolytic enzyme according to the present invention alone or in 
combination with Panodan® M2020 DATEM emulsifier and tested against a 
10 combination of Lipopan F™ and DATEM as well as pure Lipopan F™ or pure 
DATEM. 

Figure 32 show* the specific bread volume of hard crusty rolls baked with different: 
concentrations of a lipolytic enzyme according to the present invention alone or in 
15 combination with Panodan® A2020 DATEM or SSL P 55 emulsifier and tested 
against a combination of Lipopan F™/SSL P 55 or Lipopan™/DATEM as well as 
pure Lipopan F, pure DATEM and pure SSL P 55. 

Figure 33 shows nucleotide sequence (SEQ ID No. 5) and deduced amino acid 
20 sequence (SEQ ID No.4) of the R semitectum (IBT 9507) lipase cDNA. The deduced 
amino acid sequence is presented above the nucleotide sequence. Arrows indicate the 
primers used for the amplification of the cDNA. 

Figure 34 shows a schematic representation of the Hansenula expression vector 
25 pDB14-alp-sem containing the R semitectum lipase gene (Lipase) fused to the a- 
signal sequence (alpha ss.). AP(R)> URA3, orotidine-5 1 phosphate-decarboxylase gene 
for uracil complementation for selection. HARS, Autonomously replicating sequence 
for replication in Hansenula. FMD-P, FMD promoter for expression in Hansenula. 

30 Figure 35 shows phospholipase activity of a lipolytic enzyme from Fusarium 
semitectum IBT9507 as a function of temperature. 


WO 2005/«R7?18 


PCT/TB2OG5/0O0R75 


68 

Fisure 35 shows phosphoiipase activity of a lipolytic enzyme fiom Fusarivm 
semitecnmt IBT9507 as a function of pH. 

Figure 37 shoe's an amino acid sequence (SEQ ID No. 1) of a fungal lipolytic enzyme 
5 derived from Fusarivm heterosporum. 

Figure 38 shows an amino acid sequence of a fungal lipolytic enzyme derived from 
Fusarium heterosporum comprising an N terminal signal sequence (underlined) (SEQ 
ID No. 2). 

10 

Figure 39 shows a nucleotide sequence (SBQ ID No. 3) encoding a fungal lipolytic 
enzyme derived from Fusarium heterosporum in accordance with the present 
invention 

15 Figure 40 shows an amino acid sequence (SBQ ID No. 4) of a lipolytic enzyme 
derived from Fusarium semitectum. 

Figure 41 show a nucleotide sequence (SEQ ID NO. 5) encoding a lipolytic enzyme 
derived from Fusarium semitectum. 

20 

Figure 42 shows an amino acid sequence (SEQ ID N0.6) of a lipolytic enzyme derived 
• from Fusarium heterosporwn (EAEA is a propeptide - originally *frdm the a-factor 
signal sequence). 

25 Figure 43 shows a nucleotide sequence (SEQ ID. No.7) of a lipolytic enzyme derived 
from Fusarium heterosporum which includes a a-factor signal sequence. 

Example L Expression, purification, sequencing and baking trials of a Fusarium 
heterosporum lipolytic enzyme, 

30 
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W.T^TVTENTATION 

Fusarhon heferospomm CBS 782.83 strain was obtained from Centraalbureau voor 
Schimmelcultures (the Netherlands). 

Growth media 
Glucose-yeast extract agar 


Yeast extract 4 g/L 

KB 2 P0 4 1 g/L 

10 MgSO^ 7H 2 0 0 J g/L 

Glucose 15 g/L 

Agar 20 g/L 

Glucose was added after autodaving 

15 1.4 Pre-fermentation medium 

Soy flour 50 g/L 

Glucose monohydrale 5 0 g/L 

KH 2 P0 4 2 g/L 

Na2HP0 4 3 g/L 

20 Soy oil 1 g/L 


The medium was prepared in 500 mL shake flasks with baffles and 100 mL was added 
pr shake flask. The soy oil was added to each flask separately. 
Glucose was added after autoclaving. 

25 Production medium 


Peptone 10 g/L 

TweenTM-80 12 g/L 

MgS04, 7H 2 0 2 g/L 

Caa2,2H 2 0 0.1 g/L 


30 The medium was prepared in 500 mL shake flasks with baffles and 100 mL was added 
pr shake flask. The Tween TM-8 0 was added to each flask separately. 
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pH was adjusted to 6.0 bsfore autoclaving. 
Culture conditions 

Fusammi heterosponm CBS 782.83 was inoculated on glucose-yeast extract agar 

5 plates, which were incubated at 24°C until development of spores. 

A shake flask containing pre-fermentation medium was inoculated wife 4 cm 2 of agar 
plate containing a well sporulafing culture. The shake flask was incubated at 3 0°C and 
200 BPM. After three days of growth, 30 production medium shake flasks were each 
inoculated with 5 mL fermentation broth from the pre-fermentation shake flask. The 

10 production medium shake flasks we incubated at 30°C and 200 RPM. 

Ten production medium shake flasks were harvested after 2, 3 and 4 days of growth. 
The biomass was removed by centrifugation followed by sterile filtration of the 
stpematant through 0.2 um filters (VacuCap 90 Filter Unit w/0.2 urn Suporr 
Membrane) from Gehnan Laboratory. After filtration, the filtrate was frozen at -*0°C 

15 and stored until analysis. 

ANALYTICAL PROCEDURES 

PhosphoUpase activity was determined according to the "PLU assay" previously 
20 described herein. 

APPLICATION 

TLC analysis 

25 TLC-plate was activated in a heat cupboard (HO^QforVih. 

100 mL running buffer was poured into a chromatography chamber with lid. The walls 
of the chamber were covered with filter paper (Whatman 2) in order to saturate the 
chamber with fee solvent vapor. 

The TLC-plate was placed in a frame and the sample was applied onto the TLC plate 2 
30 cm from the bottom. The TLC plate was then placed in the TLC chamber with the 
chosen running buffer. When the miming buffer reached 14 cm from the bottom of the 


it 
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plate, the TLC plate was taken out and dried in Same board, and then placed in the heat 
cupboard at 1 10°C for 10 minutes. 

The TLC-plaie was then immersed in the developing reagent, and dried in the heat 
cupboard at IKTCfor 15 minutes 

5 

Rurming-buffen 

Nr. IV: Chloroform : Methanol : H 2 0 ( 65:25:4 ) 

Nr. I : P-ether : methyl-terNbutyi ether (MTBE) : Acetic acid (60:40:1) 

10 Developing buffer (Vanadate-bnffer): 
32 g Na 2 CC>3 ad 300 mL H 2 0 (1M) 

18.2 g vanadate pentoxide (V2O5) was added and dissolved during gentle, heating and 
baked in a "BACO-LINE" oven for 6 minutes. 
The solution was cooled to ambient 
15 Carefully 460 mL 2.5 M H2SO4. (460 mL ffeO + 61 mL H 2 S0 4 ) is added 
Water was added to 1000 mL. 

Gas Chromatography 

P print) Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica 
20 column 12.5 m x 0.25 mm ID xOA Jim 5%phenyl-methyl-silicone (CP Sil 8 CB from 

Crompack). 

Carrier: Helium. 

Injection: 1.5 \xL with split 

Detector: FID. 385 °C. 
25 Oven program: 

Oven temperature [°C\ 

Isothermal, time [min] 

Temperature rate [°C/min] 20 


1 

2 

3 

4 

80 

200 

240 

360 

2 

0 

0 

10 

20 

10 

12 



30 Sample preparation: 50 mg wheat lipid was dissolved in 12 mL heptane: pyridine 2:1 
containing an internal standard heptadecane, 2 mg/mL 500 pL of the sample was 
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transferred to a crimp via! 100 uL MSTFA (N«Methyl-N-triinethylsilyl- 
trifluoracetarnid) was added and the reaction incubated for 15 minutes at 90°C. 
Calculation: Response factors for mono-di-triglycerides, free fatty acid and 
salactolipids wsre determined from reference mixtures of these components. Based on 
5 these response factors the lipids in the dough were calculated 

Mini Baking Test 

The following ingredients were added to a 50 g Brabrender mixing bowl and kneaded 
for 5 minutes at 30°C: flour 50 g, dry yeast 10 g, sugar 0.8 g» salt 0.8 g, 70 ppm 
1 0 ascorbic acid and water (to a dough consistency of 400 Brabendsr units). Resting time 
was 10 mm. at 34 °C. The dough was scaled 15 g per dougL Then molded on a special 
device where the dough was rolled between a wooden plate and a Plexiglas frame. The" L 
doughs were proofed in tins for 45 rain, at 34 °G> and baked in a Voss household oven .*. 
for 8 min. 225 °C 

15 After baking the breads were cooled to ambient temperature and after 20 min. The 
breads were scaled and the volume was determined by rape-seed displacement method 
The breads were also cut and crumb and crust evaluated 

Pilot Baking tests (Hard Crust Rolls) 

20 Flour, Danish reform 1 500 g, Compressed Yeast 90 g, sugar 24 g> salt 24 g, water 400 
Brabender units + 2% were kneaded in a Hobart mixer with hook for 2 minutes at low 
speed and 9 minutes at high speed. The dough temperature was 26°C. The dough was 
scaled 1350 gram. The dough was rested for 10 minutes at 30°C and molded on a 
Fortuna molder. The dough was then proved for 45 minutes at 34 °C. The dough was 

25 baked in a Bago-oven for 18 minutes at 220°C and steamed for 12 seconds 

After cooling, fee rolls were scaled and the volume of the rolls was measured by the 
rape seed displacement method- . 
Specific bread volume 

Specific volume = Volume of the bread ml 
30 weight of the bread, gram 
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RESULTS AND DICDSSION 
Fermentation 

TTte fermentation samples were analyzed for phospholipase activity, and the results are 
5 shown in Table 1. 


Table 1 Results of fermentation 


ID 

Organism 

Sample label 

PLU-7 

172 

Fusariim heterosporum CBS 782.83 

a Medhnn D. day 2 

35 

173 

Fusarium heterosporum CBS 782,83 

Medium D. day 3 

33 

174 

Fusarium heterosporum CBS 782.83 

Medium D. day 4 

26 


Medium D ~ production medium 


It was seen that the pbospholipase activity was almost identical at days 2, 3 and 4, and 
all samples were therefore pooled and named JBS-2254-97-3. 

Purification and sequencing 

Purification of phospholipase * from crude extract using anion exchange 
chromatography: . . 

Tie column (Q-Sepharose FF, 1.5 X 2.8 cm, 5 mL gel) was prepared as described by 
the manufacturer (Amexsham Bio.), and then equilibrated in 20 mM tris/HCl buffer, 
0.1 M NaCl, pH 7.5 (buffer A)/The sample (15 mL) was added 0.1 M NaCl and 
applied to the column at a flow rate of 3.5 mL/mirt. The lipolytic enzyme was eluted 
with, a linear gradient of 0-0.6 M NaCl in buffer A (See Figure 1). Fractions of 3.5 
mL were collected during the entire run. 10 \jlL of each fraction were subjected to spot 
plate assay. lipase activity was determined by tribnryrin and lecithin spot plate assay 
(10 jxL of each fraction were transferred to the bole and the plate was incubated at 
40°C. Formation of haloes in the agarose gels takes place as a function of time. A 
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blank without enzyme was also added to one of the holes for comparison). The 
fractions containing iipol3tic activity was then subjected to SDS-P AGE (See Figure 2) 
and N-termrnal analyses. 

5 

Enzymatic jangerprinting by MALDI-TOF and amino acid sequencing 
The protein was reduced with DitHothreitol and the cysteine residues were protected 
by cafboxymethylation using iodoaeetamide. The protein was cleaved by trypsin and 
the fragmentation pattern of the fcyptic peptides were examined by MALDI-TOF 
10* analysis. The peptides were separated by chromatography on a Cig - reverse-phase 
HPLC column, and the degree of purification was monitored, by MALDI-TOF 
analysis. The amino acid sequence was determined by Edman degradation a^;. : 
previously described in details in TR.6452. 

15 The entire amino acid sequence of Fvsatium heterosporum lipofytic enzyme has been 
determined. The digestion with trypsin gave very specific peptides where the" MW 
(MALDI-TOF) could be detennined conclusively. The amino acid sequences for all 
the peptides were also determined by Edman degradation. The amin o acid sequence 
determined by Edman degradation covers 99.64% of the polypeptides chain of the R 

20 heterosporum lipolytic enzyme. 

Summary of the MALDI-TOF and Edman degradation studies is shown in Table. 2. 


Table 2 Enzymatic fingerprinting and MW of the tiyptic peptides from the 
Fusarfum heterosporum lipolytic enzyme, and determination of the 
25 entire amino acid sequence by Edman degradation. 


Fusarium heterosporum Lipolytic enzyme (2254-97-3) 



nr 

From 

Sequence 

M+H 
calc 

M+H 
obs 
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1 

1-13 

AVOVTSTDFTNfFK 

1387.5 


2+ 

14-33 

FYIQHGAAAYCNSGTAAGAK 

2059.2 

2059. 
0 

J— 

34-59 

ITCSNNGCPITESNGVTWASFTGSK 

2701.9 


4+ 

60-72 

TGIGGYVSTDSSR 

1300.4 


5+ 

73-73 

K 

147.2 


6+ 

74^80 

ETWAIR 

780.0 

780.0 

7 

81-86 

GSSNLR. 

632.7 


8+ 

87-128 

NWLTNLDFDQSDCSLVSGCGVHSGFQNAWA 
HSAQASAAVAK 

4514.8 


9 

129-130 

AR 

2463 


10 

131-131 

K 

147.2 


11 

132-137 

ANPSFK 

663.8 


12+ 

138-158 

WATGHSLGGAVATLSAANLR 

1966.3 

1966. 
1 

13+ 

159-173 

AAGTPYDIYTYGAPR 

1552.7 

1552. 
6 

14+ 

174-192 

VGNAALSAFISNQAGGEFR 

1910.1 

L910. 
0 

15 

193-197 

VTHDK 

599.7 


16 

198-202 

DPVPR 

583.7 


17+ 

.203-211 

LPPIIFGYR ; 

1076.3 

1076. 
3 

18+ 

212-226 

Hll?KyWl^GGGGDK 

1605.7 


19+ 

227-235 

VDYAISDVK 

1010.1 


20a 

236-274 

VCEGAAMMCNGGTLGLDIDAHLHYFQATT) 
ACNAGGFSW* . 

4231.5 

4233. 
2 

20b+ 

236-275 

VCEGAAMJvlCNGGTLGIJ3IDAHLEIYFQATD 
ACNAGGFSW*R 

4387.7 

4387. 


+ = Confirmed by Edman sequencing * = oxidised Tryptophan 

Sequence coverage - 99.64% 
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The complete amino add sequence of Fusarium heterosporurn lipolytic enzyme is 
shown as SEQ ID No. 1 (see Figure 37). , 

5 Application trials 

A pool of 2 Hires from the three samples of R heterosporurn (Table 1), labeled Pool 
£172-174, was concentrated by ultrafiltration (10 kDa filter) on an Ami con Ultra 
Filtration unit 250 ml of tbe retentate contained approx. 100 PLU-7/mL The retentate 
was adjusted to 1 M Ammonium-acetate and applied onto a 27 ml Butyl Sephatose 
10 column (2.5 cm id) and eluted with A-buffer 1M Nttj-acetate in 20 mM TEA pH 7.4 
and B-buffer 20 mM TEA pH 7.4. Tbe chromatogram (#61) from the purification is 
shown in Figure 3. 

Fractions from fee chromatogram #61 were analyzed by SDS-PAGE as shown in 
15 Figure 4. 

10 mL fractions from this chromatography were collected and anal3 r zed for 
phospholipase activity as shown in Table 3. These results indicate a quite high amount 
of phospholipase activity in the fractions eluted in the main peak of the chromatogram. 
20 Small amount of activity is not bound to the column but is eluted in the front 
Although the SDS gel did not run so nicely, it is observed that the fractions contain 
several proteins but fraction 14 and 15 contain one main band, which is expected to be 
tiie fimgal lipolytic enzyme. 

25 Table 3 


Chromatogram #6 1 . 

PLU-7 

Frac. 8 

32 

Frac. 9 

89 

Frac. 10 

69 

Frac. 11 

51 
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Frac. 12 

39 

Frac. 13 

81 

Fraa 14 

23 

Brae. 15 

17 


Fraction 9 and fraction 14 from chromatogram #61 were used far a mini baking test 
and also the non-purified pool #172474 was tested in mini baking test Results from 
5 this baking experiment axe show in Table 4. This clearly shows thai purified lipolytic 
enzyme from F. heterosporum CBS 782.83 gives very good baking results in term of 
improved bread volume. Also the non-purified sample contributed to a very nice bread 
volume. Hie crumb structure of fee breads were also improved very much by F. 
heterosporum lipolytic enzyme as indicated in Figure 5 and evaluated better than a 
1 0 lipase from Pseudomonas cepacia #3044. 


Table 4 


Sample 

Enzyme 

PLU-7/50g 
flour 

Bread volume, mL/g 

1 

Chr#61frac9 

100 U 

433 

2 

• Pool #172-174 

100 U 

433 

3 

Chi mi frac. .14 

100 U 

4.60 

4 

Control • 

0 

3.29 

5 

Lipase, #3044 

40ppm 

438 


15 Dough from this mini-baking experiment were extracted with water-saturated-butanol 
and the lipids were analysed by TLC. TLC analysis confirmed that lipase #3044 is 
more active on triglyceride than the lipolytic enzyme from F. heterosporum samples. 
The amount of free fatty acids (FFA), are also higher with lipase #3044. TLC in 
solvent IV indicates a component (DGMG), which is clearly higher in the samples of 

20 dough lipids treated with F. heterosporum compared with a triglyceride hydrolysing 
lipase #3044. 
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The purified fractions from R heterosporvm were also tested in pilot baking 
experiment with the results shown in Table 5. 

5 Table 5 Use of purified chromatography fractions from Fttsatium heterospomm 
in pilot baking test and effects on bread volume. 


No. 


Specific volume 
(ccm/g) 

1 

Control 

5.11 

2 

500UF. het Pool #172-#174 

6.28 . 


1 000U F. het Pool #172-#174 

6.79 

4 

40ppm #3044 (Pseudomonas) 

5.27 

5 

2000U F. hst. Pool #172-31 74 

6.24 

6 

40O0U F. het Pool #172*1 74 

4.95 

7 

1 000U 2254-97 C61 

6.95 

8 

40 ppm #3016 (LipopanF"*) 

6.97 


Dough from this baking test were extracted with water-saturated-butanol and the 
1 0 dough lipids analyzed by GLC analysis with results shown in Table 6. 

Table 6 GLC analysis of dough lipids. GL-glyceroL FFA= free fatty acid. 
MGMG=monoga]actosyhnonoglyceride. DAG= Diglyceride. DGMG 
digalactosylmonoglyceride. MGDG= monogalactosyldiglycdide. 

15 DGDG=digaIactosyldigIyceride. TRI= trigiyceiide. 


GL FFA MGMG DAG DGMGMGDGDGDG TRI 

Control 

0.120 

0.152 

0.0015 

0.0771 

0.0195 

0.0644 

0.172 

0.770 

500U F. het Pool #172-#1 74 

0.121 

0.250 

0.0.12 

0.059 

0.057 

0.030 

0.139 

0.792 

1 000U F. het Pool #1 72-#l 74 

0.121 

0.277 

0.018 

0.056 

0.087 

0.010 

0.102 

0.738 
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40ppm#3044 

0.127 

0368 

0.002 

0.132 

0.022 

0.066 

0.173 

0.276 

2000U F. het Pool #1 72-#l 74 

0.122 

0320 

0.018 

0.060 

0.119 

0.013 

0.062. 

0.723 

4000U F. het Pool #172-#174 

0.128 

0332 

0.021 

0.065 

0.146 

0.010 

0.033 

0,739 

1000U 2254-97 C61 

0.125 

0.287 

0.019 

0.067 

0.088 

0.016 

0.099 

0.655 

40ppm#3016 

0.124 

0.284 

0.017 

0.058 

0.086 

0.014 

0.101 

0:723 


The ratio of DGDG hydrolysis compared to triglyceride hydrolysis is shown in Table 
7. 

The GLC analysis of galactolipids, are also illustrated graphically in Figure 6. 

5 

The GLC results confirm that the amount of DGMG produced in dough by K 
heterosporum is higher than the : amount produced by 40 ppm Lipopan F (#3016), The 
results also indicate a higher degree of hydrolysis of MGDG than DGDG. The results 
also indicate that the amount of hydroiyzed triglyceride is low compared with a normal 
10 triglyceride-hydrol3 T zing enzyme like #3044 from P. cepacia. The pilot scale baking 
results and the lipid analysis confirmed that the lipolytic enzyme from R heterosporum 
CBS 782.83 has clear hydrolytic activity on digalactosyldiglyceride (DGDG) and the 
formation of digalactosylmonoglyceride (DGMG) in a dougL 

15 Table 7 Ratio of DGDG hydrolysis compared to triglyceride hydrolysis of purified 
chromatography fractions from Fusarium heterosporum 



dTRI 

dDGDG 

dDGDG/dTRI 

Control 




500U F. het Pool #172-#174 

0 

0.033 

n/a 

1000U F. het Pool #172-#174 

■ 0.032 

0.07 

2.19 

40ppm#3044 

0.494 

0 

n/a 

2000U F. het Pool #172-3174 

0.047 

0.11 

234 

4000U F. het Pool #172-#174 

0.031 

0.139 

4.4 

1000U 2254-97 C61 

0.115 

0.073 

0.63 
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|40ppm£3016 


0.047 0.071 


1.5 


4. CONCLUSIONS 

5 

In this study, a fungal lipolytic emyme from K heierosporum CBS 782.83 was 
produced "by fomentation in shake flasks. Tht enzyme was purified and the amino 
acid sequence was determined! The enzyme has about 83% homology to a commercial 
lipase from R oxysporum (lipopanF™). The enzyme gave very good results in baking 

10 trial in terms of improved bread volume and improved crumb structure. Lipid analysis 
from dough confirmed that the enzyme was active on galactolipids during productions 
of gal'actomonoglycerides. Without any optimization of dosage, the baking results 
indicate that the a fungal lipolytic enzyme from R heterosponan CBS 782.83 is at 
least equivalent to the commercial enzyme LipopanF, and the comparative DGDG to 

15 triglycerides activity indicate that this enzyme has a superior enzymatic activity in a 
dough environment compared to LipopanF™. 


EXAMPLE 2.. Construction and expression of a synthetic gene encoding a 
20 lipolytic enzyme from Fusarhim heterosporom (CBS 782.83) in Hansenula 
polymorphs. 

The amino acid sequence of a fungal lipolytic enzyme isolated from Fusarium 
- heUTQsporum (CBS 782.83) was determined and used to design and clone a synthetic 
25 lipolytic enzyme gene for expression in Hansenula polymorphs To fevour high 
expression, the codons of the synthetic gene were optimised to be in accordance with 
the codon preferences of Hansenula pofymorpha A codon optimised alpha-factor 
signal sequence was synfhesised as well and cloned in front of the synthetic lipolytic 
enzyme gene. The assembled construct was transferred into the expression vector 
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pB14 and transformed into Hanszmda polymorphcu pB14 is a plasmid without genes 
conferring antibiotic resistance and can therefore be used in production facilities. 

A number of lipolytic enzyme producing Fusarium strains were screened for activities 
5 with a high ratio of activity on of galactolipids and/ox phospholipids when compared to 
triglycerides. 

Several of the strains have been selected as producing lipolytic enzymes of interest 
Among these is the Fusarium heterojporwn (CBS 782.83). The lipolytic enzyme from 
10 this strain has therefore been isolated and the amino acid sequence has been 
determined. The amino acid sequence was bade translated into a nucleic acid sequence 
that was used to design and construct a synthetic gene for expression in Bansemtla 
potyffiorpha. 

15 EXPERIMENTAL 

The strain of Hansenula used in this study was the uracil-auxotrophic 
Hansemda polymorpha strain RBI 1 {odcl) obtained from Rhein Biotech GmbH 
(Dusseldor£ Germany). 

20 

Enzymatic fingerprinting by MALDI-TOF and amino acid sequencing* 

A protein having lipolytic enzyme activity was isolated from Fusarium keterosporum 
(CBS 782.83). The protein was reduced with ditbiothreitoi and the cysteine residues 
25' ' ' were protected by carboxymethylation using iodoacetamide. The protein was cleaved 
by trypsin and the fragmentation pattern of the tryptic peptides were, examined by 
MALDI-TOF analysis. The peptides were separated by chromatography on a C 18 - 
reverse-phase HPLC column, and the degree of purification was monitored by 
MALDI-TOF analysis. The amino acid sequence was determined by Edman 
degradation as previously described in details in TR6452. 
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Design and construction of a synthetic lipolytic enzyme gene, 

Xbe acid sequences of the peptide fragments were ordered by alignment with 

the Japanese strain of R heierosporum (Nagao et dL 1994). The complete amino acid 

5 sequence thus obtained was back translated into a nucleic acid sequence to reveal all 
possible codons. For each codon fhe codon most favourable for expression in 
Hansemda pofymorpha was chosen according to the codon preference table of genes 
expressed in Hansemda pofymorpha. Synthetic oligonucleotides, each about 100 
nucleotides long, comprising the complete gene, were synthesised, and the gene was 

10 assembled by PCR. For the final amplification of the gene was used an upstream 
primer (alps.cbss) designed with the most 5* nucleotides from the 3 -end of the alpha- 
factor signal sequence to allow in frame fusion, and a downstream primer (cbss.t)< 
designed with a Bam HI restriction enzyme site for cloning purposes (Table S). 

15 A nucleotide sequence encoding the signal sequence from the yeast alpha mating 
factor was similarly synihesised with favourable codons by oligonucleotides and 
amplified by PCR. For the final amplification of the alpha-signal sequence was used 
an upstream primer (alpsynt) designed with an Eco EI restriction enzyme site for 
cloning purposes, and a downstream primer (cbss.alps) designed with, the most 5' 

20 sequences from the 5 f -end of the synthetic lipolytic enzyme gene to allow in frame 
fusion (Table 8). 

To fuse the synthetic alpha-factor signal sequence to the synthetic lipolytic enzyme 
gene the two fragments were mixed and re-amplified with the outer primers alpsynt 
25 and cbss.t (Table 8). The PCR product was cloned into the vector pCR 2.1-TOPO 
(Invitrogen) and the nucleotide sequence of the inserts were determined using a 
BigDye Terminator v3.0 cycle sequencing kit (Applied Biosystems) and an ABI Prism 
3100 Genetic Analyzer (Applied Biosystems). 


30 
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Gene 

Primer sequence 

Restric- 




noxt site 

CBSLip 

5'- 

alpsxbss 

5'- 

IGCTrGGACAAGARAnnHTrTTanAn-rr^ r^ r 
TCTACTG 

None 


3'-cbss.t • 

5'- 

AGG^XQCAATTCTXJTCCATGGCCrATCTCCA 
GGAGAA 

ACCTCCG 

Bam HI 

a-signal 

S'-alpsyot 

5*- 

AGAATTCAAACGATGAGATTCCCATCCATC 
TTTACCG 

EcoKL 


3'- 

cbss^lps 

5 1 - 

AQGTCACTCCA A nr^rnrTTHTvrp-^ fl ^ Prn 

Nona 



AAACAC 


1 


CTTCC 



Table 8. Primer sequences used for the amplification and assembly of the synthetic F. 
heterosporum (CBS 782.83) lipolytic enzyme gene and the synthetic alpha-signal 
sequence. The restriction enzyme sites introduced for cloning purposes in each primer 
5 are underiined The nucleotides included allowing fusion of the synthetic lipolytic 
enzyme gene and the synthetic alpha-signal are double underlined. 


10 


15 


Expression of lipolytic enzyme in Hcmsenula pofymorpha. 

To express the synthetic F. heterosporum (CBS 782.93) lipolytic enzyme gene in 
Hansemda the combined alpha-signal seqatence/Hpolync enzyme gene was inserted 
behind the FMD-promoter into the Hcmsenula expression vector pB14, a plasmid 
without genes conferring antibiotic resistance. After conformation of the expected 
structure of the assembled plasmid in K coli, the plasmid was transformed info 
competent Hansemda pofymorpha cells by electroporation. Transformants were 
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selected on YND plates and colonies were further selected for multiple integration of 
the gene by 3 and 8 passages of 1:200 dilutions in liquid cultures of YND. Finally, the 
selected cultures were stabilised by transferring twice in YPD medium. To farther 
select for high, expressers each cultures showing high level of expression were plated 
5 for single colonies, which each were assayed for expression leveL 

To determine the level of expression of the lipolytic enzyme gene the selected clones 
were grown in YPD with L8% glycerol and 02% glucose for 2 days at 24 & C. 

10 Enzyme activity 

Samples of the culture medium were analysed for lipolytic enzyme activity with Lecithin 
or DGDG as substrates and using the NEFA Kit (Roche) scaled down to volumes suitable... . 
for micro titre plates for determination of the liberated free fatty adds. 

15 

RESULTS 

Enzymatic fingerprinting by MALDI-TOF and amino acid sequencing, 

20 The entire amino acid sequence of Fusarivm heterospoiian lipolytic enzyme has been 
detennined (See SEQ ID No. 1 - Figure 37). The digestion with trypsin gave very 
specific peptides where the MW (MALDI-TOF) could be determined conclusively. 
The amino acid sequences for all the peptides were also detennined by Edman 
degradation. The amino acid sequences determined by Edman degradation covers 

25 99.64% of the polypeptide chain of the F. heterospontm (CBS 7S2.83) lipolytic 
enzyme. The amino acid sequences of all peptides were aligned to the lipase of the 
Japanese strain ofF. heterosporum (Nagao et aL 1994 J. Biochem. 116: 536-540) thus 
revealing the order of the peptides identifying the amino acid sequence of the mature 
protean. The alignment is shown in Figure 7. Summary of the MALDI-TOF and 

30 Edman degradation studies is shown in Table 9 with the peptides order according to 
the alignment with the Nagao sequence. 
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Fusa 

Than hete 

rosporvm Phospholipase (2254-97-3) 

Partial cleavage 

NT 

rrom 

Sequence 

M+H 
calc 

M+H 
dbs 

Pep- 

M+H 

M+H 









1 

1-13 


Ls57.5 





2+ 

14-33 

FYIQHGAAAYCNSGTAAGAK 

2059 2 

2059 

1+2 

3427 

3427 

3+ 

34-59 

ITCSNNGCPmShKWTVVASFTGSK 

21013 





4+ 

60-72 


13O0.4 


3+4+5 

4111 

4112 

5+ 

73-73 

K 

1472 





6+ 

74-80 

HWA3R 

780.0 

780.0 

4+5+6 

2209 

2209 

7 

81-86 


632.7 





8-f 

87-128 

NWLTOLDFDQSDCSLVSGCGVHSGFQ 
NAwAEISAQASAAVAK 

4514.8 


7+8 



9 

LJy- 
130 

AR 

2463 


(yry 

AlAl 
4 /HJ 

An a *j ■ 
4/43 

10 

ui- 
131 

K 

147.2 





11 

137 

ANPSFK 

663.8 





12+ 

158 

VVATGHSLGGAVATLSAANLR 

19663 

1966 

10+H 
+12 

AW 

2739 

13+ 

1.5:7- 

173 

AAGTPVDIYTYGAPR 

1552.7 

1552 




14+ 

i/4- 
192 

VGNAALSAJISNQAGGEEFR 

1910.1 

1910 




15 

193- 
197 

VTHDK 

599.7 





16 

198- 
202 

DPVPR 

583.7 





17+ 

203- 
211 

LPPIiFGYR 

1076.3 

1076 

15+16 
+17 

2221 

2221 

18+ 

212- • 
226 

KTTPEYWLSGGGGDK 

1605.7 





19+ 

227- 
235 

VDYAISDVK 

1010.1 


18+19 

2596 

2596 

20a 

236- 
274 

VCEGAANm^GGTLGLDIDAH 
IJIYFQATDACHAGGFSW* 

4231.5 

4232 




20b 
+ 

236- 
275 

VCBGAAI^LMCN GGTLGIi^IDAHL 
HYFOATDACNAGGFSW*R 

4387.7 

4387 





Table 9. Enzymatic fingerprinting, MW determination of fee entire amino acid 
sequence by Edman degradation of the tryptic peptides from the Fusarium 
5 heterosporum (CBS 782.83) lipolytic enzyme. Peptide sequences confirmed by Edman 
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degradation are marked -f. Oxidised Tryptophan is marked by *. Sequence coverage = 
99.64%. 

Identity to other Fusarium lipases 

5 

Alignments of the amino acid and nucleotide sequence of F. heterospomm (CBS 
782.83) lipolytic enzyme with sequences from other Fusarium lipases show the 
relationships between some of the Fusarium lipases (Table 10). 


LIPASE ©ENTITIES 

F. heterosporum (Wagao 
supra) 

F oxysporum (Lipopan 

F heterosporum (CBS 
782.83) amino arid (SEQ 
ID No. 1) 

58.7% 

85.1% 

F heterosporum (CBS 
782.83) nucleotide 
sequence (SEQ ID No. 3) 

61.8% 

692% 


10 


Table 10. Amino acid and nucleotide identity of F. heterosporwn (CBS 782.83) 
lipolytic enzyme compared to other Fusarium lipases. 

Mixing and amplification by PCR of the synthetic oligonucleotides for the lipolytic 
15 enzyme gene and the alpha-signal sequence resulted in DNA fragments, which were 
cloned and sequenced. Fragments containing the correct sequences were used to 
assemble the complete gene by re-amplification using the primers shown in Table 8. 
The assembled nucleotide sequence is shown in Figure 8 with its translated amino acid 
' sequence, and the primers used are 'indicated with arrows. 

20 

The DNA fragment containing the assembled gene construct was transferred to the 
Hansemila expression vector pBI4 using the introduced restriction enzyme sites. Hie 
resulting plasmid pB14-alps.cbss is schematically shown in Figure 9. 
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Expression of fungal lipolytic enzyme activity in selected clones. 

The clones, which have been through the selection process, were analysed for 
expression of lipolytic enzyme. 10-microiitre samples of the supernatant of 2 day 
cultures were incubated with either DGDG or lecithin for 10 minutes and 10 
microlitres of these reactions were analysed with the NEFA kit The results after 
single colony isolation of 3 of the clones are shown in Figure 1 0. 

The amino acid sequence of a lipolytic enzyme from a strain of Fitsarhm 
heterosporum (CBS 782.83) has been determined and a synthetic gene encoding this 
lipolytic enzyme has been constructed and optimised for expression in Hansenula 
polyniorpha. The gene that encoded the mature enzyme was fused to a synthetic signal, 
sequence derived from the yeast mating alpha-factor. The combination of the alpha- 
signal sequence with the FMD promoter of the Hansenula pB 14 vector has previously 
been shown to be suitable for expression of Fusarium lipases. 

EXAMPLE 3: Expression of a Fusarium Iteterosporum CBS 782.83 lipolytic 
enzyme in Hansenula polymorpka and characterization of the product in baking 
trials 

The Hansenula polymorph strain B 14:8-3,8 (DCDK0172), containing a lipolytic 
enzyme-encoding gene from * the filamentous . fungus Fusarium heterosporum 
CBS782.83, was feamented in the fed-batch mode. After 160 hours of fermentation the 
phospholipase activity reached 1200 UAnL. Based on the fomentations three products 
were made and tested further. Hie products are named the following: sample 205, -206- 
and -209. 

A lipolytic enzyme sample 205 from F heterosporum expressed in R potymorpha 
was tested in miniscale baking experiments. Dough from the baking experiment was 
analyzed by GLC and HPTLC. 
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The bating results from mini scale baking confirm a very strong improvement of 
lipolytic enzyme sarople205 on bread volume and improvement of crumb structure. 
Lipolytic enzyme analysis confirmed a strong hydrolytic activity of lipolytic enzyme 
sample 205 on digalactosyldiglyceride(DGDG) concomitant with the accumulation of 
5 digalactosyImonoglycsride(DGMG). 

The enzyme had only minor activity on triglycerides in the dough. 
Samples 206 and 209 were tested in pilot scale baking trials and confirmed the good 
baking performance of the lipolytic enzymes both with respect to increased bread 
volume and improved crumb structure. From the baking trials.it is indicated that 
10 sample 206 perform a bit better compared to sample 209 in a straight dough procedure, 
however the two products have not been compared directly to each other and more 
baking trials has to confirm this. ~ 

2. EXPERIMENTAL 

15 Fermentation 
Microorganism 

The strain of R polymorpha transformed with the plasmid containing the lipolytic 
from R heierosporicm CBS 782.83 as described in EXAMPLE 2 was used in this " 
study. The promoter used in the construct was the formate dehydrogenase promoter 
20 Scorn K polymorpha. 

Growth media and culture conditions " 
YNB-glycerol medium 

The medium used for preparation of inoculum for die bioreactar fermentations and for 
25 growth in shake flasks contained;' 1 .7 g/L Yeast Nitrogen Base (DIFCO s Detroit, USA, 
0335-15-9), 5 gfL (NEL&SO^ 10 g/L glycerol, and 0.1 M 2-[N- 
Morpholinojetfaanesulfonic acid (MES) as a buffer. The pH was adjusted to 6.1 (the 
pKa of MES) with 4 M NaOH (before autoclaving). Yeast Nitrogen Base and 
(NH^SC^ were fnter-sterilized to the medium after autoclaving. This medium was 
30 used for growth in shake flasks (250 mL medium in a shake flask with a total volume 
of 500mL). 
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The feed medium contained 570 g/kg glycerol* 1 20 g/kg formic add and 95 g/kg Bacto 
tryptone. 

ThejpH was controlled by adding 25% (w/v) NEfe-waier. 
5 The fermentation was carded out in fee fed-batch mode in an in house build 6 L 
fennenlor. The following fermentation conditions were used: pH 5, aeration 1 wm, 
temperature 26 D C, and stirring from 400 to 700 ipm. 

The fennsntor was inoculated with 2*250 mL YNB-glycerol culture grown at 25°C 
and 1 80 tpm, and with an OD-600 of approximately 10'. 
10 The feed flow in the fomentation was controlled by the accumulated CCb evolution, 
and based on the following equations: 

Feed-flov{gIh\=^AcC0 2 <0.45 

Feed - flaw[g fh] = 133 • V - AccC0 2 , 0.45 < AccCO l < 3.25 

Feed - flo^glh] = 4.33 * 3.25 < AccC0 2 

V ; The fermentation broth volume [L] 

AccC0 2 : The accumulated CO 2 evolution [moles] 

15 Harvest 

The fermentations were harvested by centrifugation for 10 minutes at 16000 x g 
followed by sterile filtration of the supernatant through 0*2 \im filters (VacuCap 90 
Filter Unit w 0.8/0.2 jim Supor Membrane) from Gelman Laboratory. The product was 
kept at 4 6 C until use in baking trials. 

20 

Analytical procedures 
Determination of lipase activity 

A fomentation sample (10 mL) was ceatrifiiged 9000 x g for 10 minutes, and the 
supernatant was used for fbe analysis of phospholipase activity according to the C TLU 
25 assay" taught previously herein. 
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Biomass growth 

The biomass Doncentration in a culture fluid was determined by ceniriiugation of 10 
mL of culture fluid at 9000 x g for 10 minutes in a pre weighed contains*. After 
c-nMfugation, the supernatant was removed and the biomass was dried for 24 hours at 
5 100 D C and then weighed. The biomass concentration was calculated as g dry -weight of 
cells per L culture Ami 

KitTvme characterisation and mini baking 
Enzymes and flour 
10 Sample 205: Sample 7 (161 hours fermentation) from HET0401 
Phospholipase lipopan F 5 #2938 

Flour: Reform 2003055 
MMbakmg 

1 5 The following ingredients were added to a 50 g Brabrender mixing bowl and kneaded 
for 5 minutes at 30°C: flour 50 g, dry yeast 10 g, sugar 0.8 g, salt 0.8 g, 70 ppm 
ascorbic acid and water (to a dough consistency of 400 Brabender units). Resting time 
was 10 min. at 34°C. The dough was scaled 15 g per dough. Then molded on a special 
device where the dough was rolled between a wooden plate and a Plexiglas frame. The 

20 doughs were proofed in tins for 45 min, at 34°C, and baked in a Voss household oven 
for8miiL225 0 C. 

After baking the breads were cooled to ambient temperature and after 20 min. The 
breads were scaled and the volume was determined by rape-seed displacement method. 
The breads were also cut and crumb and canst evaluated 

25 . ' - 

Lipid extraction 

1 0 g of fully proofed dough was immediately frozen and freeze dried. The freeze-dried 
dough was milled in a coffee mill and passed through a 800 micron screen- 1.5 g 
freeze-dried dough was scaled in a 15 mL centrifuge tube with screw lit 7.5 ml water 
30 saturated butanol (WSB) was added The centrifuge tube was placed in a boiling water 
bath for 10 min. The tubes were placed in a Rotamix and turned at 45 rpm for 20 min. 
at ambient temperature. Then place in boiling water bath again fox 1 0 min. and turn on 
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the Rotamix for 30 min. at ambient temperature. The tabes were cenfrifvged at 3500 
for 5 min. 5 ml supernatant was transferred into a vial. WSB was evaporated t 
dryness under a steam of nitrogen* 

5 Gas chromatography 

Gas chromatography was performed as described under analytical procedures i 
example 1 above. 


10 SPTLC 

Applicator: UNOMAT 5, CAMAG applicator. 
HITLCplate:10xl0caii,MercIcno. 1.05633 
The plate is dried before use in an oven at 1 80°C for 20-30 minutes- 
Application: LOjiL of a 1% solution in CHC13:MeOH85:15 is ^plied to the HPTLC 

1 5 plate using UNOMAT 5 applicator. 
Rxmning-buffsn 

No. IV: Chloroform : Methanol : H 2 0 ( 65:25:4 ) 

No. I : P-cther : methyl-tert-butylether (MTBE) : Acetic arid (60:40:1) 

20 Application/Elision time: 1 1 minutes for running buffer I and 18 minutes for running 
buffer IV, 

The plate is dried in an oven at 180°C for 10 minutes, cooled and developed in 6% 
cupri acetate in 16% H3PO4. Dried additional 10 minutes at 180°C and evaluated 
directly. 

25 

Baking trials 
Products tested: 

£301 6 - lipopan F containing 8700 LIPU/g 

30 


ID 


Strain/host 


Fermentation 
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Sample 206 containing 390 LIPU/g R heierosponm/K pofymorpka 

HET040RHET0402 
Sample 209 containing 950 LDPU/g R heterospammfK pofymorpha 

HET0410 

5 

Recipe: 

Hard crusty rolls performed with Reform flour 2003 159 


Bakers % Amount, g 

Rom- reform 2003159 100 2000 

10 Water 58,5 1170 

Compressed yeast 6 120 

Salt 1.6 32 

Sugar 1-6 32 

Ascorbic acid lOppm 0.02 

1 5 Standard alpha-amylase 

GRIND AMYL™ A 1000 90ppm 0.180 


Baking Procedure: * '* 

20 Diosna mixer system 

• Dry mix for 1 min sLow 

• Mix 2 pirn slow + 4 min fast 

• Dough temperature: 26°C 
25 • Scaling: 1350 g 

• Resting: 10 min. af 30°C in heating cabinet 

• Moulding: Fortuna 3/1 7/7 

• Proofing: 45 min. at 34°C, 85% RfL 

• Baking: Bago oven: 13 min at 220°C, 13sec steam + 5 min damper open 
30 • MIWE stone deck: prog, nr 1 
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* After baking the rolls are cooled for 25 rain before weighing and measuring of 
volume 

RESULTS AND DISCUSSION 
5 Fermentation physiology and phospholipase production 

The additi on of tryptoneto the batch and feed medium of HET0410 resulted in a fester 
production of biomass and a higher final level of biomass compared to HET0401- 
. 0402. ' * ' ■ / . • 

1 0 HBT0401 and HET04G2 are almost identical with respect to the phospholipase activity 
development whereas the phospholipase productivity is significantly higher in 
HET0410. 

Harvest 

15 The fermentations were harvested after 168 hours (HET040 1-0402) and 161 hours 
(HET0410) of fermentation. The product was kept at 4°C until use in baking trials. 
Some of the product of HET0401 was named sample 205, and contained 
approximately 700 PLU-7/mL. Some of the product from HET040 1 and HET0402 was 
pooled and named sample 206. This product contained approximately 390 PLU-7/mL. 

20 The lower enzyme activity of sample 206 compared to the end product of HET0401 
and HBT0402 may be caused by storage and sterile filtration. The product of 
HET0410 was named sample 209 and contained approximately 950 PLU-7/mL. 

Enzyme characterization and mini baking 
25 lipolytic enzyme sample 205 from fermentation HET0401 was tested in a minlbaking 
experiment 

In different dosage and compared with a control and Lipopan F™. The specific bread 
volume of bread from this baking test is shown in Table 11. Picture of the bread are 
. shown in Figure 11. 

30 
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Table 11 Lipolytic enzyme from Fusarium heterospomm (sample 205) in Tnm^4^n 
experiments. Effect on bread volume. 



Dosage 

Bread volume 

Sample 

PLU-7/kg flour 

mL/g 

205 

0 

3.56 

205 

200 U/kg 

3.98 

205 

500U/kg 

4.87 

205 

1000 U/kg 

5.05 

205 

1500 U/kg 

5.13 

205 

2000 U/kg 

4£2 . 

205 

5000 U/kg 

5.05 

205 

10000 U/kg 

4.51 

Lipopan F 

40 ppm 

4.57 


The baking results confirmed a very strong effect of sample 205 on improvement of 
5 bread volume, and the volume effect was better than Lipopan F™ in a standard dosage 
of 40 ppm. 

From Figure 11 it is also seen that sample 205 contributes to a strong improvement in 
crumb structure and color. 
10 • 

Fully proofed dough from this baking experiment was freeze-dried and extracted with 
water saturated butanol, and the isolated lipids analyzed by GLC and HPTLC. 

The GLC analysis of the dough lipids (Table 12) confirms the hydrolytic effect of 
15 lipolytic enzyme sample 205 on digalactosyldiglyceride (DGDG) concomitant with an 
accumulation of digalactosyimonoglyceride (DGMG). The activity of the enzyme on 
DGMG is quite low because the total molar amount of DGDG (mmol% = zmnol/1 00 g 
freeze-dried dough) and DGMG (mmol%) remains constant at increased enzyme 
dosage (Figure 12). The GLC results also indicate a very low activity of sample 205 on 
20 triglyceride. 


WO 2005/OS7918 


PCT/IB2005AH>Og75 


96 


Table 12 GLC analysis, of dough lipids. FFA= fee fatty acid. 

MGMG^^oiiogdactosyimonogiyceride. DGMG 
digalactosyknoDoglyceride. MGDG- monpgalactosyldigiyceride. 
IXJDG^galactosyldiglyceride. TRI= triglyceride 


Sample (S-) 

% 

% 

% 

% 

% % 

mmol% 


mmol% 


FFA 

MGMG 

DGMG 

MGDG 

DGDG 

TRI 

DGMG 

DGDG 

DGMGf 
DGDG 

0 U S-205 

0.232 

0.002 

0.023 

0.013 

0.214 

0.641 

0.034 

0228 

0.262 

200 U S-205 

0.321 

0.007 

.0.050 

0.038 

0.193 

0.660 

0.074 

0205 

0.279 

500 U S-205 

0384 

0.012 

0.069 

0.021 

0.132 

0.610 

0.101 

0.140 

0241 

1000 U S-205 

0.418 

0.014 

0.U7 

0.008 

0.087 

0.614 

0.173 

0.093 

0265 

1500 U S-205 . 

0.444 

0.016 

0.140 

0.011 

0.057 

0.600 

0206 

0.060 

0.267. 

2000 U S-205 

0.438 

0.026 

0.148 

0.011 

0.039 

0394 

0.218 

0.041 

0259 

5000 U S-205 

0.456 

0.022 

0.171 

0.011 

0.012 

0.533 

0252 

0.013 

0264 

10000 U S-205 

0.453 

0.017 

0.163 

0.013 

0.009 

0.547 

0.241 

0.010 

0.251 

40 ppm Lipopan F 

0.372 

0.017 

0.077 

0.027 10.134 

0.577 

0.114 

0.142 

0.256 


Comparing the baking results and the lipid anatysis it is interesting to observe that the 
best baking effect is not obtained by a complete hydrolysis of DGDG to DGMG, but 
10 the results indicate that a partly hydrolysis of DGDG to DGMG may give the best 
baking performance. 


The high enzyme dosage produces more DGMG but also more free fatty acid is 
produced vAich is expected to give a negative baking effect, which might be another 
15 explanation why only a partly hydrolysis of DGDG is preferable. Table 13 shows the 
ratio of DGDG and triglycerides hydrolysis, calculated from Table 12. The results 
illustrates that the best baking performance is obtained when at a dosage where the 
ratio of DGDG to triglycerides activity is greatest 
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Table 13. Ratio of DGDG and triglyceride hydrolysis from GLC analysis of dough 
lipids. 


Sample (S) 

dTRI 

dDGDG 

dDGDG/dTRl 

Bread 
volume 




1 . — - 

mL/g 

0 U S-205 




3.56 

200 U. S-205 

0 

0.023 


, '3i>8 

500 U S-205 

0.031 

0.088 

2.84 

4.87 

1000 U S-205 

0.027 

0.135 

0.030 

5.05 

1500 U S-205 

0.041 

0.168 

4.1 

5.13 

2000 U S-205 

0.047 

0.187 

3.98 

4.82 

5000 U S-205 

0.108 

0.215 

1.99 

5.05 

10000U S-205 

0.094 

0.218 

Z3 

4.51 

40 ppm Lipopan F 

0.064 

0.086 

134 

4.57 


Some of the lipid samples were also analyzed by HPTLC as shown in Figure 13. 
Sample 4 S 5 and 6 are dough lipids from the baking experiment The HPTLC analysis 
confirms the hydrolysis of DGDG and formation of DGMG by lipolytic enzyme 
sample 205. 

The relative polar lipiitriglyceride activity ratio of Lipopan F and Sample 209 using 
the assays taught hereinabove are: 

Phosphohpid/triglyceride (PLU/LIP U) Lipopan F = 3 

Sample 209 = 9 

Galactolipid/triglycOTde (GLU/LEPU) Lipopan F = 1 

Sample 209 = 4 
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Fusariuni Iteterosporum CBS 782. S3 lipolytic enzyme gave very strong effects in 
mini scale baking experimsnts with strong increase in bread vohrme and improvement 
of crumb structure. Lipid analysis confirms strong hydrolytic activity on DGDG in 
dough concomitant with the accumulation of DGMG. Fusariuni heterosporum CBS 
5 782.83 lipolytic enzyme showed low activity an triglycerides in a dough. 

Example 4. Characterization of activity on lipid substrates and position specificity of 
a Fusarhan heterosporum CBS 782.S3 lipolytic enzyme expressed in Hansenula 
polymorphs 

10 

A lipolytic enzyme according to the present invention from Fusarium heterosporum was 
. expressed in Hansenula pofymorpha as described in Example 3. 

Analytical procedures 

1 5 Phospholinase activity was determined using the PLU assay described previously herein. 

Galactolioass activity was determined using the galactolipase assay described previously 
herein, 

20 Activity on triglyceride ftributyrin) was determined using the LIPU assay described 
previously herein. 

Activity on sunflower oil fLUSoL pH-stat pH 6): 
Reagents: 

25 8 S 4 g gum arabic is dissolved nr. 1 00 ml deionized water and 100 ml 30 mM CaCfe is 
added 36 g sunflower oil is slowly added during mixing wifh a Turrax mixer (20000 
rpm) 


30 


Assay: 

20 ml sunflower oil emulsion in a beaker is equilibrated at 30°C for 5 mirt, pH is 
adjusted to 6J5-6J5 using a pH slat 2 ml enzyme solution is added, and 0.05 N NaOH 
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is continuous!} 7 added keeping the pH at 6.5 for 10 minutes. The slope of the curve for 
the addition of 0.05 NaOH as a function of time is calculated. 

1 LUSol is defined as the quantity of enzyme, which can liberate 1 pmol fatty acid per 
-min.' under assay conditions 

5 

The lipolytic enzyme was anatysed for activity on different substrates according to 
procedures mentioned above. The results are shown in Table 14. 

Table 14, Activity of - a lipolytic enzyme Fusarium heterosporum according to the 
10 present invention on different lipid substrates. 


Activity 

Substrate 

pH 

Tempsrature 

UMT/ml 

LffU 

Tributyrin 

5.5 

30 

754 

LUSol 

Sunflower oil 

6.5 

30 

48 

PLU-7 

Phosphatidylcholine 

7 

37 

4650 

GLU 

Digalactosyldigiyceride 

7 

37 

1600 


The lipofytic enzyme from Fusarium heterosporum expressed in Hansemda. 
potymorha hydrolysis primarily fatty acids in the sn-1 position of galactolipid and 
15 phospholipids in dough The specificity of the enzyme was investigated by adding 
different concentrations of the enzyme to a bread dough- The fully proofed dough was 
frozen and freeze dried, and the ..dough lipids were extracted with water saturated 
butanol. 

The dough lipids were anafysed by GLC and HPLC analysis. 
20 By GLC anab'sis it was possible to analyse digalactosyi diglyoeride(DGDG) and 
digalactosyImonoglyceride(DGMG). Further it was possible to analyse the position 
isomers of digalactosyi monoglyceride (l:digalactosyl l-monoglyceiide and 2: 
digalactosyi 2-monoglyceride, see structure below). These components were separated 
and quantified by GLC. 
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2: Rl = Fatty acyl andR2=H 

oc 2 ch 



OH 


In a balcing test for production of bard crust rolls different- dosages of the lipolytic 
en2yme were added and galactolipids in the folly proofed dough were analysed. The 
amount of the isomer digalactosylmonoglycsrides are shown in Table 15 and 
illustrated graphically in Figure 14. 
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Table 15. Amount of isomer dlgalactosylmonoglycerides in a baking test using 
lipolytic enzyme from Fusarium hslerosporwn 
Enzyme dosage Digalactosyl 2-monoglyceride EHgalactosyl 1-monoglyceride 


TffU/kg flour 

%, based on dough dry weight 

%, based on dough 

0 

0,0102 

0,0399 

200 

0,0092 

0,0167 

400 

0,0071 

0,0100 

400 

0,0067 

0,0057 

800 

0,0103" 

0,0063 

1000 

0,0071 

0,0060 

1200 

0,0081 

0,0053 

1500 

0,0064 

0,0057 

2000 

0,0084 

0,0047 


5 Conclusion 

From the results in Table 15 and Figure 14 it is concluded that digalactosyl diglyceride 
is primarily hydrolysed in 1-position during production of digalactosyl 2- 
monoglyceride. A smaller increase in the amount of digalactosyl 1-moaoglyceride is 
also observed. It is well known mat acyl migration from 2 to 1 position of acyl fatty 
10 acid in lipids will occur. This acyl migration depends on temperature and as a function 
of time an equilibrium between, digalactosyl-2-monoglyceride and digalactosyl I- 
monoglyceride will occur. This phenomena explains the fact that a small increase in 
digalactosyl 1-monoglyceride also is observed. 

15 Example 5. Determination of temperature optimum and stability of lipolytic enzyme 
derived from Fusarium keterospbrunu 

The enzyme activity of spray dried lipolytic enzyme derived from R Heterosporum and 
expressed in Hansertula Pofymorpha was determined at various temperatures according to 
20 PLU-7 with modifications as described below. The substrate was an emulsion of 0.6% 
phwpharidylcholin, 0.4% Triton X-100, 6 mM CaCl* and 50 mM HEPES, pH 7.0: The 
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spray dried lipolytic enzyme ferment was diluted with demineralised water to 3 TTPU/mL 
400 pi of substrate was thennostatted for 5 minutes at 10, 20, 30, 40, 50, 45, 50 and 60°C 
and 50 pi sample was added. After exactly 10 minutes, the enzymalion was stopped by 
incubation at 99*C for another 10 minutes. Finally,, the amount of free fatty acids was 
5 determined by NEFA C method (Wako Chemicals GMbH, Neuss, Germany). Colour 
reagent A and B was made according to manufacturers protocol. 10 pi redispersed 
extracted lipid and 1 00 pi reagent A were pipetted to a microliter plate and incubated at 
37°C for 10 minutes. 200 pi reagent B was added to the microtifer plate and incubated at 
37°C for 10 minutes. The optical density at 540 mn was measured. The amount of free 
10 fatty acid was determined, using the read absorbance and a standard curve based on oleic 
add Results are shown in Figure 15. 

Enzyme stability of spray dried lipolytic enzyme ferment was determined at various 
temperatures. Spray dried lipolytic enzyme ferment was diluted with 50 mM phosphate 

15 buffer, pH 7.0 to 3 TTPU/ml After.30 minutes of incubation at 20, 30, 37, 40 and 45°C the 
sample was stored on ice. Subsequently, phospholipase activity was detordned according 
to PLU-7 with modifications as described below. The substrate was an emulsion of 0:6% 
phosphatidylcholine 0.4% Triton X-100, and 50 mM phosphate buffer.. CaCb was left oi& 
to prevent precipitation of calcium phosphate and does not affect the enzyme activity. 400 

20 pi of substrate was thermostatted for 5 minutes at 37°C and 50 pi sample was added. After 
exactly 10 minutes, the enzymadon was stopped by incubation at 99°C for another 10 
minutes. Finally, the amount of free fatty acids was detennxned by the NEFA C method 
(Wako Chemicals GmbH, Neuss, Germany). Colour reagent A and B was made according 
to manufacturer's protocol. 10 pi redispersed extracted lipid and 100 pi reagent A were 

25 pipetted to a microtiter plate and incubated at 37°C for 10 minutes. 200pl reagent B was 
added to the microtiter plate and incubated at 37°C for 10 minutes. The optical density at 
540 nm was measured. Hie amount of free fatty acid was determined using the red 
absorbance and a standard curve based on oleic acid. Results are shown in Figure 16. 

30 


WO 2IKl5/0S79tfS 


PCT/IB20(H;/00(1R75 


103 

Example 6. Determination of pH optimum and stability of a lipolytic enzyme derived 
from Fusarium heterosportwu 

The enzyme activity of spra3> dried lipolytic engine derived from F. heterosporum and 
5 expressed in Hansemda Polymorph* was determined at various pEL The substrate was an 
emulsion of 0.6% phosplkridylcholiri, 0.4% Triton X-100, and 50 mM phosphate buffer 
pH 4.0, 5.0, 6.0, 6S > 7.0, 7.5, 8.0, 8.5, 9.0 and 1 0.0. CaCl 2 was left out to prevent 
precipitation of calcium phosphate and does not affect the enzyme activity. The spray 
dried lipolytic enzyme ferment was diluted with deminexalised water to 3 TTPU/mL 400 pi 

10 of substrate was thermostatted for 5 minutes at 37°C and 50 pi sample was added. After 
exactly 10 minutes, the enzymation was stopped by incubation at 99 a C for another 10 
minutes. Finally, the amount of free fatty acids was determined by NEFA C method 
(Wako Chemicals GMbH, Neuss, Germany). Colour reagent A and B was made according 
to mamifaoturers protocol. 10 pi redispersed extracted lipid and 100 pi reagent A were 

15 pipetted to a microliter plate and incubated at 37°C for 10 minutes. 200 pi reagent B was 
added to the microtiter plate and incubated at 37 D C for 10 minutes. The optical density at 
540 ran was measured. The amount of free fatty acid was determined, using the read 
absorbance and a standard curve based on oleic acid. Results are shown in Figure [17]. • 

20 The enzyme stability of spray dried lipolytic enzyme ferment was determined at various 
pH. Spray dried lipolytic enzyme ferment was diluted with 50 mM phosphate buffer at pH 
4.0, 5.0, 6.0, 6.5, 7.0, 7.5,. 8.0, 8.5, -9.0 and 10.0 to -3 TffU/mL After 30 minutes of 
incubation at 37°C the sample was stored on ice. Subsequently, the phospholipase activity 
was determined according to PLU-7 with modifications as described below. The substrate 

25 was an emulsion of 0.6% phosphatidylcholin, 0.4% Triton X-100, and 50 mM phosphate 
buffer, pH7. CaQ 2 was left out to prevent precipitation of calcium phosphate and does not 
affect the enzyme activity. 400 pi of substrate was thermostatted for 5 minutes at 37°C and 
50 pi sample was added. After exactly 10 minutes, the enzymation was stopped by 
incubation at 99°C for another 10 minutes. Finally, the amount of free fatty acids was 

30 determined by the NEFA C method (Wako Chemicals GmbH, Neuss, Germany). Colour 
reagent A and B was made according to manufacturers protocol. 10 pi redispersed 
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extracted lipid and 100 jil reagent A were pipetted to a microtite plate and incubated at 
37°C for 10 minutes. 200jil reagent B was added to the microtiter plate and incubated at 
37°C for 10 minutes. The optical density at 540 nm was measured The amount of fee 
fetty acid was detennined using the read absorbance and a standard curve based an oleic 
5 acid. Results are shown in Figure 18. 

Example 7. Determination of molecular weight of purified lipolytic enzyme derived 
from Fttsarium heterosporiwu 

10 

Purified lipolytic enzyme according to the present invention derived from Heterosporwn 
Fusarium was nm on an SDS-PAGE gel, Figures 19a and 19b. Based on a Novex standard 
marker, the molecular weight was calculated as shown in Table 15 

1 5 Table 15: Determination of the molecular weight of the lipolytic enzyme according to the 
present invention 


Sample 


M w 
(kDa) 

Calculations 


0.91 

3.0 

0 Aif-fcog-M. (kDa) = -530-Rf J + 7,50-R/ - 5,00-R* 
+ 2,7986 


0.82 

6.0 

0.78 0,9989 


0.71 

14 

l.ii'.' 

Novex 
standard 

0.66 
0.55 
0.47 

17 . 

2g 

38 

123 
1.45 
l-58r< 


038 

49 

1.69 


031 

62 

1.79 


0.23 

98 

1.99, 


0.13 

188 

227* 

Lipolytic 
enzyme 

according to ffae0,52 


log M w = -530-0 .52 3 + 7.50-0_52 2 - 5.0O-0.52 + 
•: 2.80- 

invention 



=>M w = 29.9kDa 


The weight of the lipolytic enzyme was calculated to 29.9 kDa. 


20 
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Example S. Determination of the isoelectric^ point (pi) of lipolytic enzyme derived 
from Fusarium heterosponaiu 

The isoelectric^ point (pi) of a lipolytic enzyme derived from F. heierosporwn was 
5 determined theoretically based on the amino acid sequence SEQ ID NO. 6. 

The calculation was made using the software Vector NTI Suite 9 from Mbrmax 
(Invitrogen, CA, USA) and resulted in a pi of 6.40. 

10 EXAMPLE 9. Characterization of enzymatic conversion of lecithin to lysolecifhin 
in egg yolk at different temperatures by a Fusarium heterosporum CBS 782.83 
lipolytic enzyme. 

Lipolytic enzymes can convert lecithin (phosphatidylcholine) to lyso-lecithin Qjso- 
15 phosphatidylcholine) with release of a free fatty acid. Enzymatic conversion of lecithin 
to lyso-lecithin in eggyolk creates better emulsifying properties because lysolecithin is 
a better emulsmer than lecithin. Good emulsifying properties of egg yolks are of 
importance when making heat stable mayonnaise and other foods and food 
appIicationsVsiich as, but not limited to, cakes and maturation of cheese. 


20 


25 


Enzyme preparation: 

A lipolytic enzyme from Fusarium heterosporum, CBS 782.83, expressed in 
Hcmsemdapotymorplw from fermentation HET0420 was spray dried on wheat starch . 
The resulting enzyme preparation had a phospholipase activity of 1265 U/g, 
determined by TTPU assay previously described herein.. A 10% (w/v) or 20% (w/v) 
enzyme stock solution was prepared by dissolving the spray dried enzyme powder, in 
demineraHsed water. After 15 minutes of stirring, the solution was centrifuged for five 
minutes at 1370 xg. The supernatant was used as the enzyme stock solution. 


30 Enzymation: 

Two different experiments were set up to determine the optimal combination of 
enzyme dosage, reaction temperature and time for the enzymatic conversion of lecithin 
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to lysoledthm in egg yolk In the first, errzymation was carried out with a lipolytic 
enzyme according to the present invention at the three following temperatures: 3 (PC, 
40*C and 50°^ each with the four following dosages: 5 U/g egg yolk, 10 U/g egg 
yolk, 20 U/g egg yolk and 30 U/g egg yolk. 

In the second experiment, enzymaiion was carded out for a lipolytic enzyme according 
to the present invention and wife Leritase® Ultra fiom Novozymes AJS (Denmark), 
respectively, at fee following five temperatures: 5°C 5 10°C, 15°^ 20°C > and 53°C 
wife an enzyme dosage of 30 U/g egg yolk At 53°C fee enzyme dosage of 60 U/g egg 
yolk was also tested 


In both experiments, 10.0 g pasteurised egg yolk from DaruEg (Christiansfeld, 
Denmark) was transferred to a Wheaton tube and placed in a heating block 
thermostatted to fee appropriate temperature. The samples were continuously mixed on, 
a magnetic stirrer. At time t=0 enzyme stock solution was added to the egg yolk 
15 according to Table 16. Each experiment was made in duplicate. 1.0 g samples were 
taken from fee egg yolk/enzyme solutions according to Table 17. After incubation 
times according to Table 17, the enzyinatic reaction in fee samples was stopped by 
adding 7.5 ml organic solvent (CHCf 3 :MeOH> 2:1). 


20 Table [16]; Enzyme stock solution was added to egg yolk to obtain different enzyme 
dosages, including a control. Demineralised water was .added to a total of 235 ml to 
disregard any difference in volume upon addition of different volumes of enzyme 
stock solution 


Sample 

Amount 
egg yolk 

Enzyme 
activity 

Enzyme 
activity of 
stock solution 

Volume enzyme 
stock solution 
added 

Volume 
dem.H 2 0 
added 

Control 

10.0 g 

0 U . 


Oml 

2.35 ml 


10.0 g 

50U 

127 U/m) 

0.40 ml 

1.95 ml 

Lipolytic 

10.0 g 

100 U 

127U/mI 

0.80 ml 

1.55 ml 

enzyme 

10.0 g 

200 U 

127UAnl 

1.60 ml 

0.75 ml 


10.0 g 

300 U 

127U/ml 

2.35 ml 

Oml 
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Jfij- g5o~U 253U/ml 235ml Oml 

Lsdtase® 10.0 g 300 U 3620 U/ml S3 ul 2,25 ml 

Ultra 10.0 g 300 U 3620 U/ml 163 ul sUOml 


10 


15 


Table [17]: Reaction times at sample extraction in the different experiments. 
Reaction temperature Enzyme dosage Reaction time (min) 


5°C, 10°C, 15°C, 
20°C 

30°C 
40°C 
50°C 
53°C 


53°C 


30 U/g 

60 

120 

240 

360 

480 

1440 - 

5, 10, 20 and 30 







U/g 

30 

60 

120 

240 

360 


5, 10, 20 and 30 

30 

60 

120 

240 

360 


U/g 

30 

60 

120 

240 

360 


5, 10, 20 and 30 

15 

30 

60 

90 

120 

240 

• U/g . 







30 U/g 







60 U/g 

15 

30 

60 

90 

120 

240 330 


Lipid ertraction: 

Addition of 7.5 ml organic solvent (CHCl 3 :MeOH, 2:1) to Hie sample not only stopped 
the enzyme reaction but also extracted the lipids. Furthermore, 0.2 ml demmeralised 
H 2 0 was added to the sample; before it was dispersed, using a Wbirley mixer for 1 
minute. The sample was men centri&ged for ten minutes at 1 10 x g. Approximately 3 
ml of the organic phase was transferred to another tabe and mis extracted lipid was 
used for various analyses. The samples were stored at-18°C. 

Determination of free fatty acids: 

100 ul of the extracted lipid solution was evaporated under nitrogen at 50°C. 1.0 ml 
demineralised H 2 0 was added and the lipid was dispersed using a Whirley mixer. The 
amount of free fatty acid was detennined using fee NEFA C kit from WAKO 
Chemicals GmbH (Neuss, Germany). Colour reagent A and B were made according to 
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manufacturers protocol. 10 nl redispersed extracted lipid and 100 |xl solution A were 
pippetted to a microliter plate. The plate was incubated at 37°C for 15 minutes. 200 pi 
solution B wss added to the microliter plate, and the plate was incubated at 37 D C for 
1 0 minutes. The optical density at 540 nm was measured The amount of free fatty add 
5 was determined, using the read absorbance and a standard curve based on oleic acid. 

Determination of lecithin and lyso-lecithin by LC/MS-MS: 
Materials 

Acetone, methanol, chloroform were all from Lab Scan, Dublin, Ireland, efhanol 96% 
1 0 was from De Danske Spritfehrikker, and formic acid was from AppliChem, Darmstadt, 
Germany. 

Instnanatials 

The HPLC system consisted of a quaternary pump (G1311A). a capillary pump 
15 (G1376A), an antosampler (G 13 77 A), and a column compartment (G1316A) all from 
Agilent Technologies (Waldhronn, Germany). An Acnrafe™ flowspEtter (ACM-GU-CR) 
from LC Packings (Amsterdam, Netherlands) was used to split the column effluent to the 
mass spectrometer and to introduce polar make-up solvent The mass spectrometer was 
an ICQ Deca Ion Trap from Thermo Finnigan (San Jose, CA, USA). 
20 The column was a Hypexsil SI, 100 x 4.6 mm id, 5fim from Thermo Hypersil-Keystone. 

Chromatographic and AdS conditions 

Mobile phases 
A: — not used 
25 B: Chloroform 

C: Methanol /Formic Acid (1000/0,190) 

D: CWorofinm/KfethaiK)lAVai^onnic Acid (300/550/150/0,190) 
Make-up: Ethanol 96% 
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Flow 

Tone 

B 

C 

D 

[m]/miji] 

[mm] 

[%] 

[%] 

[%} 

0.6 

0 

40 

60 

0 

0.6 

2 

0 

0 

100 

0.6 

8 

0 

0 

100 

0.6 

9 

40 

60 

0 

0.6 

16 

40 

60 

0 


The injection vobme was 5}d and the column tempeastae was 45°C 


5 Flow splitter 
LC-flow 

Makeuo-flow " 

LC-flow: 
Make-np flow; 


10 ELSD/FC tubing: 
MS tubing: 


ELSD/FC 


MS 


0.60 ml/mia . 
100 ^I/rnin 

1 00 cm x 0.100 mm id (SS) 
100 cmx 150 pn (FS-150-MS) 


Approximate split is 20: 1 


15 


hiS conditions 

MS parameter settings: 


Parameter 


Value . 


Capillary temp [°C] 
Sheath gas flow 
Auxiliary gas flow 
Source 
Polarity 

Source voltage [kVJ 
SIM micro Scans 
SIM Max Ion Tune [msj - 200 


325 
70 
4 

ESI 

Positive 
6.0 
5 


20 
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MB detector setting: 


' Parameter 

Value 

Duration [min] 
Time method 

15 

IPC_544_SM_00J£QTun 
e 


Scan Event 1 - SIM Ranges 

Mass Interral 

LPC(16:0) -IT 
LPC (182) -H* 
PC (342) -H* 
PC (36:4) -H 4 

494.0-498.0 

517.0 -527.0; 541.0 -549.0 
778.0 -786.0 
801.0-813.0 


Standard and sample preparation 

Lyso-phosphaticb'icholbe (LPC) (Egg, chicken) (89865) and phosphatidylcholine (PC) 
5 (plant) (441601) were from Avand Polar Lipids, Inc, Alabaster, AL, USA. A stock 
solution of PC and LPC (10 rng/20 mi CHCI^feOH) was prepared Dilutions hereof 
were prepared to cover the concentrations from 50 fig/ml to 2.5 p^/mL 
7.5 fil lipid extract from 1 g of egg yolk was reconstituted in 1.5 ml CHa 3 :MeOFI (1:1). 

10 ThC analysis: 

The TLC analysis was carried out as described in Example 1 . 

For visualisation of the different glycerides, 2 jil lipid extract was applied in 3 mm 
bands to a HPTLC silica 60 plate (Merck) by an automatic TLC sampler 4 (CAMAG). 
The silica, plate was placed in a horizontal developing chamber (CAMAG) with 

15* running buffer I (P-e&en meth3'l tertiary butyl ethenacetic add (50:50:1)). 20 ml 
running buffer was used for the gas phase and 5 ml for the through and the plate was 
eliited until approx. 5 cm from the application position. The plate was dried in a 
heating cupboard (160°C) for 5 minutes. Finally, the TLC plate was immersed m the 
developing reagent (6% CvfCHiCOOh in 16% aqueous H5PO4) and carbonised in a 

20 heating cupboard (1 60°Q for 1 0 minutes. 
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RESULTS 

To determine the optimal combination of enzyme, dosage, reaction temperature and 
time for the enzymatic conversion of lecithin to lyso-lecithin in egg yolk four different 
enzyme dosages were tested at three different temperatures and five different reaction 
5 times. ■ 

The four enzyme dosages used, 5 U/g, 10 U/g, 20 U/ g> and 30 U/g, as well as the 
reaction times used, 30 minutes, 60 minutes, 120 minutes, 240 minutes, and 360 
minutes, -were based on initial trials not covered herein. The three temperatures, 30°C, 
10 40°C, and 50 o C, were chosen based on the temperature optimum curve for the 
lipolytic enzyme, see Figure 20. 

The amount of lecithin and lyso-lecithin in enzyme modified egg yolk was analyzed by 
HPLC and depicted in Figure 21 and Figure 22 as a function of reaction time.: hi 
Figure 23, the amount of free fatty acid in enzyme modified egg yolk is depicted as a 
15 function-of reaction time. 

Xhe experiment shows that conversion of lecithin to lyso-lecithin by a lipolytic 
enzyme according to the present invention was optimal using 20 U/g egg yolk of the 
lipolytic enzyme at 30°C for 120 minutes. The dosage of 20 U/g egg yolk is chosen 
20 due to an observed decrease in LPC levels at 30 U/g egg yolk from 120 minutes of 
reaction to 240 minutes of reaction. 

Based on this result, it was examined whether the lipolytic enzyme according to the 
present invention and Lecitase® Ultra have an effect on egg yolk lipids at 
25 temperatures lower than 30°C and to compare their activities at 53°C y which is the 
temperature currently used industrially for Lecitase® Ultra. 

The enzymatic conversion of lecithin to lyso-lecithin in egg yoDc was tested at five 
different temperatures (5 6 C, 10°C, 15°Q 20°C, and 53°C) and six different reaction 
30 times. An enzyme dosage of 30 U/g egg yolk was tested because this would be the 
highest dosage of commercial interest due to cost of the enzyme and because reaction 
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rates were expected to be low at the temperatures tested All enzyme units mentioned 
have been detennmed by TTPU. 30 U/g egg yolk is also the recommended dosage of 
Lecitase® Ultra. In addition, a dosage of 60 U/g egg yolk was tested at 53 °C. The 
reaction tunes used were 60 minutes, 120 minutes, 240 minutes, and 360 minutes, 480 
5 minutes and 1440 minutes. However, at 53 °C the reaction times were 15 minutes* 30 
minutes, 60 minutes, and 90 minutes, 120 minutes and 240 minutes. At 53°C using 60 
U/g a sample was also taken at 330 minutes of reaction. 

In Figures 24 and 25 the amount of lyso-lecifhin, free fatty add, and lecithin in 
10 ' enzyme-modified egg yolk is depicted as a function of reaction time using the lipolytic 
enzyme according to the present invention and Lecitase® Ultra phospholipases, 
respectively. The lecithin and lyso-Iecithin contents of the samples were determined by 
LC-MS and the free fatty acid content was determined by theNEFA C method The 
amount of FFA in the control samples (results not shown) and the sum of lyso-lecifhin 
15 and lecithin remained constant during the experiments shown in Figures 24 and 25. 

Figure 24 shows the results of enzymation of egg yolk with the lipolytic enzyme 
according to the present invention. At 53°C the activity of the lipolytic enzyme ceased 
after 30 minutes of reaction reaching a level of LPC of 1.7% (w/w) with 30 U/g egg 

20 yolk (Figure 24b). Hie levels of ERA were L0% (w/w) and 1.3% (w/w) with 30 U/g 
egg- yolk and 60 U/g egg yolk, respectively. Using Lecitase® Ultra, the amounts of 
LPC and FFA increased during the period 15-240 minutes (figure 19), yielding 2.7% 
LPC (w/w) after 240 minutes of reaction with 30 U/g egg yolk. The levels of FFA 
were 1.4% (w/w) and 2.1% (w/w) after 240 minutes of reaction using 30 and 60 U/g 

25 egg yolk, respectively. The activity of Lecitase® Ultra ceased after 330 minutes of 
reaction using 60 U/g egg yolk. The lipolytic enzyme of the present invention had a 
higher initial reaction rate than Lecitase® Ultra. 

At 20°C and 53°C the initial reaction rates were similar with the lipolytic enzyme of 
30 the present invention (figure 24). At temperatures 5-20 D C the amount of LPC and FFA 
increased during the experiment. Although at temperatures below 20°C the initial 
velocity decreased markedly with decreasing temperatures. At 20°C a LPC level of 
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33% (w/w) and a FFA lsvel of 1.6% (w/w) was reached after 60 minutes of reaction 
with 30 U/g egg yolk. This level was similar to 240 minutes of reaction at 53°C wifri 
Lecitase® Ultra. It was not possible to resuspend the solvent-free lipid extract for FFA 
analysis after 1440 of reaction at 2CTC. After 1440 minutes at 5°C and 10°C the 
samples with the lipolytic enzyme bad a high viscosity which made stirring 
impossible. This was most likely due to crystallisation of FFA. The decrease in LPC 
levels which was seen in TN 6642 at 30 U/g egg yolk, 30°C from 120 to 240 minutes 
of reaction was not observed in any of these experiments. 

Enzymation of egg yolk with Lecitase® Ultra phospholipase gives significantly 
decreasing initial velocities at 20 D C and temperatures below compared to the initial 
velocity of Lecitase® Ultra at 53°C (figure 25). At 20*C a LPC level of 3.0% (w/w) 
and a FFA level of 1.5% (w/w) was reached after 1440 minutes of reaction with .30 . 
U/g egg yolk This level was similar to 240 minutes of reaction at 53 °C. 

Fisure 26 shows TLC analysis of eidracted lipid from enzyme modified egg yolk. This 
analysis confirmed the results from LC-MS and showed that the lipolytic enzyme 
according to the present invention and Lecitase® Ultra phospholipase increased the 
amount of lyso-ledthin. 

The enzymatic reaction, which is' catalysed by lipolytic enzymes, produces equivalent 
amounts of lyso-lecithin and free fatty acids. A possible and unwanted side reaction is 
hydrolysis of triacylglycerides. The relation between change in amount of lysc-lecithin 
and free fatty acids during the enzymatic reaction is shown in Figure 27. 


With Lecitase® Ultra mere, is 'a good correlation of equivalent formation of lyso- 
•lecrthin and free fatty acids (figure 27).. However, in most samples treated with 
Lecitase® Ultra there was very little reaction. Enzymation of egg yolk with the 
lipolytic enzyme of the present invention results in production of more than one free 
30 fetty acid per lyso-lecithin formed at lyso-lecithin levels above 40 mM and free fatty 
acid levels above 60 mM. The. maximal conversion with Lecitase® Ultra is 30 mM 
lyso-ledthin and 25 mM free tarry acid. Samples with a free tatty acid to lyso-lecithin 
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ratio below 0.8 or above 12 (n/n) and LPC content above L0% (w/w) are shown in 
table 18. 

Table 18: Samples with freefetty acid (FFA) to lyso4ecrtfcin (LPC) ratios below 0.8 or 
' 5 above 12 (n/n) and LPC content above 1% (w/w). The samples were treated with 
lipolytic enzyme or Lecitase® Ultra, FFA was determined by the NEFA C" method. 
LPC and PC was determined by LC-MS. 


Enzyme 

Temp. 
\ w 

Reaction 

U1LLO ^XUiXIJ 

AFFA/ALPC 

%LPC 
(W/W; 

%FFA 

(WAV) 

%PC 
(wAv) 

Lipolytic 







enzyme 

5 

1440 

1.99 

3.0 

23 

2.0 

Lipolytic 







enzyme 

10 

480 . 

1.97 

2.3 

23 

2.5 

Lipol3?tic 







enzyme 
Lipolytic 

15 

480 

1,48 

4.1 

33 

0.6 

enzyme 
Lipolytic 

15 

360 

1.64 

3.6 

3.4 

1.0 

enzyme 

15 

1440 

1.98 

42 

4.7 

0.1 

Lipol3 , tic 







enzyme 
Lipolytic 

20 

60 

0.67 

33 

1.6 

2.0 

enzyme 
Lipolytic 

20 

360 

1.30 

4.7 

3.6 

03 

enzyme 
Lecitase® 

20 

480 

1.43 

5.0 

4.1 

03 

Ultra . 

20 

1440 

0.72 

3.0 

1.5 

2.0 

Lipo^c- - 







enzyme 
Lipolytic 

53 

15. . 

0.69 

1.5 

03 

3.7 

enzyme 
Lipolytic 

53 ; 

60 

0.70 

1.7 

1.0 

2.6 

enzyme 
.Lipolytic 

53 

90 

0.71 

1.8 

1.0 

2.7 

enzyme 
Lipolytic 

53 

240 

0.72 

1.7 

1.0 

2.8 

enzyme 
Lecitase® 

53 

30 

0.72 

1J6 

1.0 

3.0 

• Ultra 
. Lecitase® 

53 . 

. 120 

0.61 

2.4 

1.1 

2.3 

Ultra 

53 

60 

0.62 

1.6 

03 

2,9 
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Samples with a free fatty acid to lysoJedfinn Taiio above 12 (n/n) and LPC content 
above 1.0% (w/w) (figure 27) are generally seen at prolonged reaction times or in 
samples containing less than 1.0% PC (w/w). The lipolytic enzyme sample at 15*C has 
elevated free feny acid to ryso-lerithin ratios in all samples. This indicates that the 
enzymes change substrate specificity at prolonged reaction times oi when the content 
of PC is low. This could be due to hydrolysis of phosphatidyletnanolarnine, 
digalactosyl diacylglyceride, or triglycerides that are found in egg yolk. Samples 
with a free fatty acid to ^lerithin ratio below 0.8 (n/n) and IPC content above 
1.0% (w/w) are generally seen at a reaction temperature of 53°C (Table 18). This 
could be explained by interesterMcations. 


Figure 28 shows that the lipolync enzyme of the present invention does have 
hydrolytic activity on triacylglycerides and 1,3 diacylglycerides art prolonged reaction;: 
times or low concentrations of PC The accumulation of 12 diacylglycerides shows 

15 that the lipase activity is 13-specinc. The formation of monoglycerides shows that 
Lecitase® Ultra had a hydrolytical effect on tri- or diacylglycerides at 20°C. It is not 
possible to determine whether the lipolytic enzyme of the present invention or 
Lecitase® Ultra phospholipase has the highest degree of. hydrolysis of 
triacj'lglyterides because the levels of formation of LPC differ significantly. Lowering 

20 the enzyme dosage and reaction time of lipolytic enzyme could reduce the 
hydrolysis-Table ISA shows 1he reaction time, temperature and dosage applied to the 
subjects of lanes 1-30 in Figure 28. 


Table ISA 



25 


It will be apparent to the skilled person that, using routine oqjerimentation, 
optimisation of enzyme dosage, reaction temperature and reaction time may be readily 
determined for any given food application. 
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Conclusion 

Enzymafion of egg yolk from Dan^Eg AJS of a lipolytic enzyme according to the 
present invention and Lecitase® Ultra phospholipases was carried out to determine the 
conversion of lecithin to lyso-lecifliin. This was done using an enzyme dosage 30 U/g 
5 egg yolk at five temperatures (5-20°C, and 53°CT), and six diforent reaction times (60- 
1440 minutes, however at 53°C, 15-240 min) was carried out to examine the enzyme 
activity, 53 °C is the temperature currently used in the industry for modifying egg yolk 
with Lecitase© Ultra. ' 

10 The lipolytic enzyme according to the present invention had a higher initial reaction 
rate than Lecitase® Ultra at all temperatures tested. At 53°C reaction with lipolytic 
enzyme ceased after only 30 minutes of reaction. At a dosage of 30 U/g egg yolk at 
53°C the LPC level was 1.7 and 2.7% (w/w) with lipolytic enzyme and Lecitase®. 
Ultra, respectively A level of 3.3% (w/w) LPC was reached after only 60 minutes of 

1 5 reaction at 20°C with lipolytic enzyme. 

At low temperatures (5-20°C) the conversion of lecithin to lyso-lecithin with lipolytic 
enzyme was significantly better thai with Lecitase® Ultra. The reaction velocity of the 
lipolytic enzyme was markedly lower at 10°C and below compared to at 15°C and 
• 20 above. The lipolytic en2yme was active at 5°C and formation of more than 2% (w/w) 
lyso-lecithin was detectable after 24 hours of reaction. Also, the samples with the 
lipolytic enzyme were more viscous at 10°C and below compared to higher 
temperatures. 

25 The lipolytic enzyme was found 7 to change substrate specificity and hydrolyse 
phosphatidyl-^thanolainine, digidactosyi diacylglyceride, or triacylglycerides in 
addition to phospholipids at prolonged reaction times or when the content of PC is 
low. This may be avoided by using a lower enzyme dosage and shorter reaction times 
and substantiates the need, for thorough optimization of conditions of treatment for 

30 each product in question. At 53°C interesterifi cations can explain that less than one 
equivalent free fatty acid per lyso-lecithin is produced with lipolytic enzyme and 
Lecitase® Ultra. 
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In conclusion, the lipolytic enzyme according to the present invention is a potential 
candidate for enzymanon of egg yolk at low temperatures. The observed activity at 
low temperatures is also of interest in other applications. 

EXAMPLE 10. Production of mayonnaise by use of a Fusaman keterosporum 
CBS 7S2.83 lipolytic .enzyme. 

Production of mayonnaise: 

10 6.25 g Epolync enzyme prepared as described in Example 4 was dissolved in 50 mL 
dernJeralised Efi corresponding to a phospholipase activity of 150 U/mL. After 15 
minutes of stirring, the solution was centrifuged for five minutes at 1370 x g. The 
supernatant was used for enzymation of 150 g egg yolk from Sanofa A/S according^: . 
Table 19. Another 150 g egg yolk from Sanofa A/S was treated with Lecitase® Ultra 

15 (Novozymes A/S, Denmark) according to Table. The enzymations were carried out at 
30°C for 180 minutes with slow agitation. Lipid extraction was carried out as 
described in Example 4. 


Table 19: Enzymation of egg 3'oik from Sanofa A/S using lipolytic enzyme according 
20 to the present invention and Lecitase® Ultra; respectively. The lipolytic enzyme 
solution used bad an activity of 1 50 U/mL, and the Lecitase® Ultra had a 
phospholipase activity of 34500TJ/mL. 


Sample 

Amount 
egg yolk 

Lipolytic 

enzyme 

added 

Lecitase® 

Ultra 

added 

Dem 
H 2 0 
added 

U/g egg 
yolk - 

Control 

150g 



30.0 mL 

0 

Lipolytic enzyme_ 
Lecitase® Ultra 

150 g 
150 g 

30.0 mL 

0.13 niL 

.29.9 mL 

30 
30 


25 Mayoimaise with enzyme-modified egg yolk from Sanofa A/S was produced using a 
Koroma mixer (Disho V60/10). During processing Ihe mayonnaise was heated to 95°C 
for five minutes. 
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Table 20: Ingredients used to produce mayonnaise. 


Ingredient 

Mayonnaise 
Control 

Mayonnaise 
Lipolytic enzyme 

Mayonnaise 
Lecitase® Ultra 

Water 

345% 

34.5% 

34.5% 

OH 

50.0% 

50.0% 

50.0% 

Salt 

1.0% 

1.0% 

1.0 % 

Sugar' 

3.0% 

3.0% 

3.0% 

Potassium Sorbale 

0.1% 

0.1% 

0.1 % 

GriiidstedFF1102 

1.7% 

1.7% 

1.7% 

Eeeyolkl 

4.23% 



Bss?yo]k2 


4.23% 


Easyolk3 



4.23% 

Vinegar 10% 

4.00% 

4.00% 

4.00% 

Mustard 

1.50% 

1.50% 

1.50% 

Sum 

100% 

100% 

100% 


5 TLC-analysis: 

TLC analysis was carried oat as described above. 

Particle size determination in mayonnaise: 

2.0 g mayonnaise sample -was dissolved in 22,5 g 0.2% SDS and stirred for minimum 
10 30 minutes at 300 rpiru Hie particle, size distribution was then measured on a Malvern 
Mastersizer. . 

RESULTS 

For production of mayonnaise with enzyme-modified egg yolk; egg yolk from Sanofa 
15 A/S was used. This egg yolk contained 8% salt (compared to 0% in egg yolk from 
DaaEg). Initial trials (not shown) showed that the higher salt concentration in egg 
yolk from Sanofa A/S influenced the lipolytic activity and, therefore, an enzyme 
dosage of 30 U/g was used instead of 20 U/g. 

20 TLC analysis of extracted lipid from enzyme modified egg yolk from Sanofa A/S 
(figure 29) showed that the lipolytic enzyme according to the present invention 
reduced the amount of lecithin concurrent with increasing the amount of lyso-lecrtirin 
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(Figure 29). In comparison, the conversion of lecithin to lyso-lecrthin when using 
Lecitase© Ultra -was negligible. The high conversion of lecithin to lyso-lecithin shown 
bv TLC correlated well with the free fatty acid determination made on extracted lipid 
from enzyme modified egg yolk from Sanofa A/3 (Table 21). The amount of free fatty 
5 acid liberated using lipolytic enzyme was 3 5 times higher than the amount of free 
fatty add liberated using Lecitase® Ultra. 

- Table 21 : Amount of free fatty acid in enzyme modified egg yolk from Sanofa A/S> 
The amount of free fatty acid was analysed by the NEFAC method and is expressed as 
. 10. percentage of egg yolk. 


Sample 

Free fatty acid (% (w/w)) 

Control 

0J9 

Lipolytic enzyme 

2.4 

Lecitase® Ultra 

0.6S 


Ihe size distribution of oil droplets in mayonnaise was analysed in order to evaluate 
the emulsification properties of the differently eiLzyme-modified egg yolk from Sanofa 
A/S. As can be seen in, the mayonnaise produced with egg yolk treated with the 

15 lipolytic enzyme according to the present invention had the smallest-mean particle size 
as well as the narrowest particle size distribution compared to mayonnaise produced 
with either Lecitase® Ultra treated egg yolk or non- treated egg yolk. A small mean- 
particle size as well as a narrow particle size distribution indicates good emulsification 
properties, hence the egg yolk ; modified with lipolytic enzyme had the best 

20 emulsification properties. \ . 


Table 22: Particle size distribution in mayonnaise made with enzyme modified egg 
yolk from Sanofa A/S, . • ; ] 


Sample 

Mean particle 
size (von) 

10%quantile 
Gun) 

90% qnantile 
(fim) 

Control 

13.7 

2.0 

215 

Lipolytic enzyme 

4.4 

12 

73 

Lecitase® Ultra 

133 

1.8 

21.9 - 


25 
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To evaluate Hie heat stability of emulsions made with enzyme modified egg yolk from 
Sanofa A/S s the mayonnaises were heated in a microwave oven for 4 seconds. As can 
be seen in Figure 30, the mayonnaises containing enzyme-modified egg yolk produced 
heat stable emulsions, whereas the control containing non-treated egg yolk separated 
5 upon the beat treatment in the microwave oven and the emulsion was therefore not 
heat stable. 

Conclusion 

Results from TLC analysis and free fatty acid determination of enzyme modified egg 
10 yolk from Sanofa A/S, and particle size distribution and heat stability, test of the 
mayonnaises produced with the enzyme modified egg yolk from Sanofa A/S correlated 
well. Egg yolk modified using a lipolytic enzyme according to the present invention . 
had the highest conversion rate of lecithin to lyso-iecitbin and the highest amount of 
free fatty acid As expected, this change in the lecithimlysWecithin ratio resulted in a 
15 mayonnaise, which was heat stable and had the most optimal particle size distribution. 

Using Lecitase® Ultra to modify egg yolk from Sanofa A/S did not result in a very 
~ large change in the lecithin:Iyso-lecithin ratio or a high amount of free fatty acids. This 
less pronounced conversion of lecithin to lyso-lecithin was reflected in the particle size 
20 distribution of the mayonnaise, which was similar to that of the non-modified egg 
yolk. The change in ledthinrlyso-lecithin ratio that occurred using Lecitase® Ultra was 
enough, though, to make the mayonnaise heat stable. 

Egg yolk from Sanofa A/S modified with 30 U/g of lipolytic enzyme at 30°C for 120 
25 minutes showed a high conversion rate of lecithin to lyso-lerithin, and the mayonnaise 
produced with this egg yolk was heat stable and had an optimal particle . size 
distribution. In comparison, egg yolk from Sanofa A/S treated with 30 U/g Lecitase® 
Ultra at 30°C for 120 minutes showed only a minor change in the lecithirrlysolecithin 
ratio, and the mayonnaise produced had a particle size distribution gfmilar to 
30 . mayonnaise with non-treated egg yolk, but it was in fact heat stable. Hence the 
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lipolytic enzyme according to the present invention was superior to Lecitase® Ultra in 
the production of mayonnaise. 

Example 11. Application test of a lipolytic enzyme derived from Fusarumt 
5 heterosporum m combination with emnkifier for preparation of hard crusty rolls. 

In this test ferments of lipolytic enzyme according to. the present invention and derived 
from Fusarium heterosporum was used alone or in combination with Panodan® 
A2020 DATEM and GRISTED® SSL P55, both emulsifisrs from Danisco AJS, 
10 for the baking of bard crusty rolls. The efect on specific bread volume was compared 
to the effect oflipopan F™ from Novozymes alone or in combination with eanulsifier 
on specific bread volume. 

APPLICATION 

1 5 Hard crusty rolls were baked using the following recipe and baking procedure. 


Baking recipe 

Flour- Danish Reform 2004002 
Water 
20 . Compressed yeast 
Salt ' 
Suzar 


Amount Bakers % of fkrar 

2000 g 100 
1140 g 57 % • 

120 g 6 
32 g 1.6 
32 g L6 


Ascorbic acid . - . . °PP m 

- - Standard alpha amylase/GRIbBDAMYL™ A 1 000 from Danisco A/S 
25 " " 75 PI™ 


0.150 


Baking procedure 
Diosna mixer system 

1. Dry mix for 1 min slow 

2. Mix 2 min slow + 4 min fast 

3. Dough temperature: 26°C 

4. Scaling of the dough: 1350 g 
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5. Resting: 10 min. at 30°C in heating cabinet 

6. Moulding: Fortuna 3/1 7/7 inolder 
7- Proofing: 45 miiL at 34°C, 85% RR 

8. Baking in a Bago oven: 13 miiL at 220°C, 13 sec. steam + 5 min damper open 
5 9. MTWE stone deck: prog, nr 1 

10. After baKng the rolls are cooled for 25 min before weighing. Tie volume of 
the rolls was measured by fee rape seed displacement method. 
Specific bread volume: 
. Specific volume - Volume of the bread, com/ weight of the bread, g 

10 

Addition of spray dried lipolytic enzyme is based on flour. The enzyme is added to 
flour after first mixing together with water, ascorbic add and compressed yeast AH 
other dry ingredients are mixed in step 1. 

15 RESULTS 

Spray dried lipolytic enzyme derived from Fusarium heterosporum is used in 
combination with Panodan® M2020 DATEM from Danisco A/S and tested against a 
combination of Lipopan F™ / DATEM as well as pure Lipopan F™ or pure DATEM 
The results are shown in Table 23 and Figure 31. 

Table 23 . 

Sample Amount Specific volume* g/ccm 

Control ' 5,89 . 



10 ppm 

5,98 

Lipopan F™ - 

30 ppm 

7,54 


40 ppm 

8,18 


96 ppm 

6,07 


191 ppm 

6a 
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Lipolytic enzyme 287 ppm 7,06 

383 ppm S,13 

47S ppm S ; 01 

PANM2020 03% 7,89 

0.15% 


PAN M2020 + 0.15% 

Lipolytic enzyme 96 ppm 7 5 68 

PAN M2020 t- 0.15% 

Lipolytic enzyme ' 191 ppm 8,29 

PANM2020 + 0.15% 

Lipopan F™ 10 ppm 7,69 


Freeze dried lipolytic enzyme derived from Fusarium heterosporwn was used in 
combination wifh Panodan® A2020 DATEM and GRINDSTED® SSL P55 and tested 
5 against a combination of Lipopan F™ / SSL or Lipopan F™ / DATEM as well as pure 
Lipopan F™, pure DATEM and pure SSL. 

The results are shown in Table 24- and Figure 32 

10 Table 24 .•" 

Sample Amount Specific volume, g/ccm 


Control 


5,98 


03% Panodan® A2020 03% 7.98 

03% SSL P 55 . 03% 7.78 


Lipopan F 


15ppm . 6.42 
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7.77 


8,44 

8,62 

5,93 
6,43 


7,86 
7,86 
8,1 

CONCLUSION 

The conclusion of Table 23 and Figure 31 is that an optimal dosage of spray dried 
lipolytic enzyme according to the present invention is approximately 383 ppm lipolytic 
enzyme and that the product can be used in a low dosage in combination with a low 
dosage of the DATEM emulsifier. In a parallel experiment it was shown that at 
dosages from 574 ppm to 1912 ppm lipolytic enzyme the specific bread volume 
decreased (data not shown). The performance of 383 ppm lipolytic enzyme according 
to the present invention is similar to 40 ppm Iipopan F™. When used in combination 
with emulsifier the lipolytic enzyme according to the present invention also performs 
on level with Iipopan F™. "According to deterrnmation of phospholipase activity using 
the TIPU assay described previously herein, 10 ppm Iipopan F™ is approx. 120TTPU 
per kg flour and 96 ppm lipolytic enzyme of the present invention correspond to 1 17 
TIPU per kg flour. 


40 ppm 


Iipopan F + 15 ppm 

0.15%Panodan®A2020 0.15% 

.Iipopan F™ + 15 ppm 
0.15% SSL P 55 0.15% 

Lipolytic enzyme 43 ppm 

86 ppm 

Lipolytic enzyme + 30 ppm 

0.15%Panodan®A2020 0.15% 

Lipolytic enzyme + 43 ppm 

0.15%Panodan®A2020 0.15% 

lipolytic enzyme + 43 ppm 

GRMDSTED® SSL P55 0. 15% 
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In addition- based on the trial results of Table 24 and Figure 32, we conclude that a 
lipolytic enzyme according to the present invention can be used in combination with 
SSL as well as DATEM and thereby boost the effect of a low emulsifier leveL The 
functionality of lipolytic enzyme according to the present invention can be compared 
5 to the functionality of Lipopan F™ when dosed equally. Again the optimal level of 
pbospholipase activity in combination-v?ith an emulsifier is determined to be appror. 
1 00-1 50 TEPU per kg flour. 

Conclusively, an optimal dosage of the pure lipolytic enzyme according to the present 
10 invention is around 500 TEPU per kg flour and in combination with emulsifier the level 
of lipolytic enzyme should be 1/5 to Vi of the optimal level of lipolytic enzyme, 
meaning approx. 120 TEPU per kg flour. 

15 Example 12. Application test of a lipolytic enzyme derived from Fusarium 
heterosporum for preparation of wheat tortilla. 

The effect of a lipolytic enzyme according to the present invention and derived from 
Fusarium heterosporum on reliability of wheat tortilla made with fumaric acid (US 
. 20 procedure) has been tested as explained in the following example. 

Wheat tortilla was baked using the ingredients in Table 25: 


Table 25 : Recipe for preparation of wheat tortilla. 

Recipe: Type: Dosage (% of flour) Grams 


Flour • . 

Classic (no. 2004068) 

100 

3000 

Sugar - - 


1,0 

30 

Fat (shortening, margarine, oil) 

' Shortening 

8,7 

267 

Salt 


1,5 

45 

Potassium sorbate 


03 

9 

Ca-propionate 


03 

9 

Sodium bicarbonate 


0,9 

27 
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10 


Acid 

Fumaric 

0,8 

24 

Water 


48 

144 


IS 


The procedure for making the wheat tortilla dough: 

1 . Desired dough, temperature: 32°C 

2. Kneading is conducted at ambient temperarare in a Kemper mixer. 

3. Place all dry ingredients in mixer bowl (optionally inciuding lipolytic enzymes 
and/or emulsifiers). 

4. Dry mix for 1 mm. 

5. ' Add Water 

6. Mixing: 11 min at speed 1 

7. Scaling: 1350 gx 3 

8. Shaping: into dough balls on glimek divider / rounder 

9. Resting for 10rninat32°C 

10. Baldng: in a tortilla oven CFO 40, with the following setting: Top: 230°C, 
middle: 228°C and bottom: 160°C. 

11. Cooling: 12 rain at20°C, 80% RH 


A lipolytic enzyme according to the present invention was added to the dough at 
increasing concentrations (Trial no. 3-7). For comparison, a control (Trial no. 1) and a 
trial with the Panodan® 205 emulsifier from Danisco A/S (Trial no. 2) were included. 
20 See Table 26. 


The lipolytic enzyme, Panodan® 205, and I^cystein, when added, are added to the 
first mixing process (steps 3 and 4 above). L-cystein may be added to increase the 
extensibility of the dough made and thereby improve Ihe pressing process of the dough 
25 beforebaking. 
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Table 26. Trial set-up 


jjigrsuisiiLS 
Trial no. 

Lipolytic enzyme 

PANOB4N© 
205 

L'cvstein 
(ppm) 

1 



10 

2 


1.03 % 

10 


lOOppm 


10 

4 

200ppni 


10 

5 

400ppm 


10 

6 

1200ppm 


10 

7 

2400ppm 


10 


Hie tortillas are evaluated by means of a cold reliability test performed at room 
temperature, where the tortilla is rolled around different wooden sticks of different 
5 diameters, starting with the wooden stick with the biggest diameter. The rollability is 
indicated by the number of wooden sticks around which the tortilla can be rolled 
without breaking. The higher the number the better the rollability. 



Visual evaluation 

Penetration 

Sample 

RoBabilhy 

Force (g) 

1-day 7 

2-1-1 

432 

2-day 7 

1-1-1 

421 

3-day 7 

1-1-1 

369 

4-day 7 

: 2-2-2 

439 

5-day 7 

2-2-1 

489 

6-day 7 

«■ 2-1-2 

448 

7-day 7 

2-2-2 

533 


1 0 From the results we conclude that a dosage of 200 ppm or more of a lipolytic protein 
according to the present invention seems to give an improved rollability compared to 
the control system. Using the TEPU assay described previously herein it was 
determined that the level of activity needed in order to improve the rollability (in a 
dosage of 200 ppm) corresponds to approximately 650 TTPU units per kg flour. From 
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the results it can also be concluded thai the force for making {he penetration test is 
increased at a higher level of lipolytic enzyme, meaning that the resistance of the 
tortilla is improved. The penetration test is conducted by use of the texture analyser 
TAXI2 produced by Stable Micro System, where the force needed in order to 
5 penetrate/break the tortilla is measured. 

This equipment is set up with the following parameters: 

Porce is measured in Compression 
10 Pre-test Speed IQmm/s 

Test Speed 2mm/s 

Post Test Speed 1 Omm/s 

Rupture Test Dist 1mm 

Distance 25mm 

15 Force Ig 

Time 5sec 

Load Cell 5kg 

Temperature 20-22 deg C (room temperature) 


20 


25 


Example 13, Molecular cloning, sequence analysis and heterologous expression of a 
synthetic gene encoding a lipolytic enzyme from Fusarium senutectum (CBT9507) in 
Hansenula polymorphs 


A fragment of a F. semitectum lipolytic enzyme gene was cloned from genomic DNA 
using PGR with primers designed from conserved blocks of amino acids within aligned 
protein sequences of lipolytic enzymes from different Fusarium strains. The degenerate 
PCR primers were designed using the computer programs CODEHOP (Rose et aL 
30 2003(Nncleic Add Res., 18:3763-3766)). 
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To clans the ends of the gene the methods for 5 - and 3'- RACE (Frohman et al. 1988 Proc. 
NatL Acad. ScL USA 85:8998-9002) were used. Total RNA was isolated from a culture of 
fiie F. semitectum strain induced with 1% sunflower oil and the primers used were 
designed from the sequence of the gene fragment obtained with the CODEHOP primers. 

5 

The three fragments obtained by the above procedures were assembled in silico to reveal 
the full-length cDNA sequence. Analysis of the 1236 nucleotides long cDNA sequence 
showed an open reading frame comprising 352 amino acids (Figure 33). 

10 To express the F. semitectum lipolytic enzyme gene in Hansemda the gene was furnished 
with a signal sequence form the yeast a mating factor and inserted behind the FMD- 
promoter into the Hansemda expression vector pB14. The resulting plasmid, pB14- 
alp^sem (schematically shown in Figure 34) was transformed into competent Hansenula 
pofymorpha cells by electropoiation. Transfoimants were selected on YND plates and 

15 colonies were further selected for multiple integration of the gene by 1 0 passages of 1:200 
dilutions in liquid cultures of YND. Finally, the selected cultures were transferred twice in 
YPD medium. 

To determine the level of expression of the lipolytic enzyme gene the selected clones were . 
20 grown in YPD with 1.8% glycerol and 02% glucose for 2 days at 3 7°C. 

Example 14. Determination of optimum pH and temperature for activity of a 
Fusarium semitectum lipolytic enzyme. 

25 A lipolytic enzyme according to the present invention from Fusarium semitectum EBT 
9507 and expressed in Hansenula polymorph? as described in Example 8 was used in 
functional assays in dough slurry for determination of phospholipase and galactolipase 
activity and the activity of this enzyme was studied in relation to variations in pH and 
temperature. 
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10 


15 


ANALYTICAL PROCEDURES 

Gas Chromatography 

0.8 gram Wheat flour is scaled man 

the enzyme is added The sample is mixed on a Whirley and placed in a hearing cabinet at 
30°C fox 60 minutes. 6 ml n-ButoolSthanol 9:1 is added, and the sample is mixed again 
rata the flour is finely distributed in the solvent The tabes are then placed in a water bath 
at 95°C for 10 minutes. Then mixed again and placed on a rotation device 45 rpm, for 45 
imimtes.-Thesarn^ 

transferred to a 1 0 ml dram glass. The solvent is evaporated at 70°C under a steam of 
nitrogen. The isolated lipids are analysed by GLC. 

Gas Chromatograph and Galactolipase activity assay were performed as described in 
Example 1. 

Temperature optimum 
Phospholipase activity 

For the detenmnation of activity as a function of tenperature the Phospholipase assay was 
conducted as in Example 1 but the temperature was set at 30°C, 37°C, 45*0, 52°C or 


20 60°C. 


25 


pH optimum 
Phospholipase activity 

For the determination of activity as a function of pH the Phospholipase assay was 
conducted as in Example 1 but the 0.6% l^a Phosphatidylcholine 95% Plant (Avanti 
#441601) and 0.4% Triton-X 100 (Sigma X-100) was dissolved in 0.05M phosphate 
buffer pH 5, pH 6. pH 7, pH 8 or pH 9. 


30 


131 


PCT/n:2(»»5/000875 


RESULTS 

A lipolytic enzyme according to the present invention from Fusarium semitectum 
BT9507 was analysed for phospholipase activity PLU-7 and galactolipase activity GLU 
with results shown in table 27 


Table 27. Enzyme activity of Fusarium semitectum. 
Assay 


Phospholipase 
Galactolipase 


Activity 


0,8PLU-7/ml 
1,3 GLUfail 


Fusarium semitectum IBT9507 was tested in dough slurry experiments by adding 1 PLU-7 
10 to 0.8 gram flour according to the procedure mentioned. A control sample wrfc." water 
instead of enzyme and a sample with Lipopan F™ was also prepared. Lipids extracted 
from the dough was analysed by GLC with results shown in table 28. 

Table 28. GLC of dough lipid, % based oa flour weight FFA = free tatty acids MGMG = 
15 monogalactosylmonoglyceride, DGMG = digalactosylmonoglyceride MGDG = 
monogalactosyldiglyceride, DGDG = digalactosyldiglyceride, TRI = triglyceride. 


Enzyme 


Dosage - 


FFA MGMG DGMG MGDG DGDG TRI 


% 


% % % % 


-^^j q~~ 0,148 0,007 0,025 0,047 0,160 0,516 

R semitectum 1 PLU-7/g g flour 0,268 0,001 0,120 0,033 0,045 0,446 
Lipopan F™ 1 PLU— 7/g g flour 0,229 0,027 0,090 0,016 0,069 0,415 


The results in table 28 indicate that the lipase from F. semitectum has significant activity 
20 on galactohpids, and relative less activity on triglyceride compared with Lipopan F™ 


Fusarium semitectum EBT9507 was also analysed with regard to activity as a function of 
temperature (table 29) and pH (table 30). 
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Table 29. Phospholipase activity as a function of temperature for F. ssmitectum. 

Temperature, °C Relative activity, PLU 


30 79- 

37 92 

45 100 

52 20 

60 . 2 

Table 30. Phospholipase activity as a function of pH fox F. semitectvm. 

PH . Relative activity, PLU 
r 5 ~ ~W 

6 83 

7 • ioo 

8 80 

9 ." 17 

The activities listed in table 29 anffSO' are also illustrated graphically in Figures 35 and 36. 
CONCLUSION 

lipolytic enzyme according to the present invention from Fusarium semUectum has shown 
veay strong activity on galactolipids in dough and the activity on triglyceride is less than 
the triglyceride activity of Lipop^aii F™. Temperature optimum for activity of this enzyme 
is approx..45°C and the pH optimum is 7. 

Example 15; Use of a lipolytic enzyme according to the present invention m 
animal feed 


To assess the efficacy of a lipolytic enzyme according to the present invention at 
various dose levels used in normal feed for the full production period of broiler 
chickens. 
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Summary: 

Preliminary results suggest that addition of a lipolytic enzyme according to the present 
invention in the diets of broiler chickens is an effective- nutritional strategy to improve 
the performance of the birds, to improve nutrient retention and to reduce nitrogen 
excretion. Specifically, preliminary investigations suggest thai addition of a lipolytic 
enzyme according to the present invention to the animal's diet improves the body 
weight gain, feed conversion efficiency, and metabolisability of dry matter and of 
nitrogen of the animal. 


Treatment details 

Number of treatments 

8 

Replicates per Treatment 

0-21 d, 13 replicates 
22-424 9 replicates 

Birds per Replicate 

0-21d, 8 birds/replicate 
(6 in large cage, 2 in small cage) 
22-42d > 2bnds/replicate . - 
(2 in large cage) 

Species of bird 

Broiler 

Breed of bird 

Ross or Cobb 

Sex of bird 

Male 

Range of trial 

0-42 days 

Diet form (peUet/mash) 

Mash 

Diet Coccidiostat /Growth promoter used 

None 

Age at which birds / feed are weighed 

0, 2 1 and 42 days/ 0, 21 and 42 days 

Stocking density (birds/m2) 


Lighting programme 

23h light days 0-4, 16h light days 4* 
21, 20 h Eght days 22-31 and 23h 
light days 32 -42. 

House temperature programme 


House humidity programme 
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Vaccination programme 

Elancoban (starter ration) 

Ventilation - Air changes/hr 



Diet formulation and feeding schedule 


Ingredients 

Starter (%) 

Finisher (%) 

Maize 

55.55 

59.22 

Rye 

5.00 

9.00 

SBM (48% O?) 

33.47 

24.79 

Soy Oil 

1.85 

3.06 

Salt 

0.41 

0.33 

DL Methionine 

0.21 

0.14 

Lysine HQ 

0.05 

0.10 

Limestone 

1.18 

1.15 

Dicalcium Phosphate 

1.48 

1.41 

Vit/Min 

0.50 

0.50 

Ti02 

0.30 

030 

TOTAL 

100.00 

100.00 

Nutrient Provision (calculated) 



CP(%) 

21.50 

18.06. 

ME(kcal/kg) 

3000.0 

3125.0 

ME(MJ/kg) 

. . 1235 

13.08 

Calcium (%) 

0.90 

0.85 

Phos(%). 

0.68 

0.63 

Av.Phos(%) 

0.40 

0J8 

Fat(%) 

4.48 

5.73 

Fibre (%) 

2.59 

2.48 

Met (%) 

0.55 

0.43 

Cys(%) 

036 

0.32 

Met+Cys(%) 

0.91 

0.75 
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Lys(%) 1^0 L0 ° 

Tiy(%) O- 25 020 

Na(%) 0-W °* 15 

The feed is prepared as a mash, either with or without a lipolytic enzyme according to 
the present invention. 

Diets and water are offered ad libitum. Test diets are fed continuously throughout the 
trial period. The feed samples are optionally supplemented with a lipolytic enzyme 
according to the present invention at 330g/tonne. The 'enzyme may be added as a dry 
enzyme whilst mixing the feed 


10 Observations are taken at 

Live weight (cage basis): day 6, 21 and 42 

Weight gain: 0r21d/22-42d, 0-42days 

Feed Intake: O^Sa- 22-42d, (M2days 

15 FCR (food conversion rate): 0-21dJ 22-42d> 0-42days 

Collection of ileal contents: da}' 21 and 42 


Total cage weights for feed and birds' are determined, as well as total mortality weight 
and number of birds for each cage per period analysed.- Feed consumption per cage is 
20 determined uncorrected for molality. Feed conversion efficiency data is determined 
as total consumption per live weight and total weight (including mortality weight) 
basis. 

Prior to the study start the animate are examined for signs of ill health and inj ury. Any 
25 that appear to be in poor condition are removed from the study. 

Study anmialg are assigned to their treatment groups using a randomisation technique. 
Animals and their storage pens are uniquely identified before the start of 
administration of test feed. 
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Data from the treated groups are compared with those of their relevant control group 
using the appropriate statistical tests and accepting a level of probability of less than 
0.05 as indicating significance. 

Body weights, food intakes and food conversion rates are analysed by analysis of 
variance and least significant difference tests. 


Animals 

10 Treatment Number 
Number of replicates 
Animals per replicate 
Species of Animal 
Breed of animal 

15 Sex 

Age of test animals 
Weights of test animals 


2 

13 to 21 days and 9 to 42 days 

8 to 21 days and 2 to 42 days 

Broiler 

Ross 

Male 

(M2d 

~40g 


Diet/Housing 

20 Diet Information 
Diet Form 
Coccidiostat Starter 
Coccidiostat Finisher 
Growth Promoter Starter 

25 Growth Promote Finisher 

Main Measurements made 


See above 

Mash 

None 


.• None 
None 
None 


Variables 
When 


weight gain, feed conversion, nutrient digestibility 
0-21d,22-42d 
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Enzymes/additives 

Enzymes used (1) : Lipolytic enzyme from Fusariwn semtiectum and/or 
Fusarium heterosporum - 330g/Tonne 

5 Example 16: Evaluation of the effect of a Fusarium Iietsrosvorum CBS 7S2.S3 
lipolytic enzvme on instant noodle quality made from Chinese flour. 

Introduction 

The instant noodle (IN) market has seen a phenomenal growth in the last 5-8 years in SE 
10 Asia, and to some extent in Europe and USA. This growth is evident even in regions that 
are traditionally rice and/or pasta based markets (Food Navigator, 2000). The recent 
popularity of IN can be mainly attributed to its very affordable cost, convenience and „ 
clean production procedures. 

15 Flour with an average protein content (9-1 1%\ low ash value (-050%), higk L* (85) 
brightness and b* (>8>0) yellowness and high starch paste viscosity (<750 BU) produces 
a creamy/yellow- coloured instant noodle (IN) and has the desired mouth fed 
characteristics. There are several different types of noodles consumed, each with specific 
flour quality characteristics that imphft on end product quality. 

20 

Meeting end user demands is challenging in the flour industry owing to the large number 
of end products and wide range of customer expectations. Specifically designed 
ingredients and 'additives at the right doses play a very important role in improving taste, 
texture, appearance, shelf life and/or nutritive value of the final end product 

25 I-,' 

Whilst the importance of colour and texture of cooked IN cannot be underestimated, 
customers are getting increasingly discerning and health conscious and are seeking low 
fat alternatives without compromising on quality. 
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A lipolytic enzyme according to the present invention was tested on Chinese flour in 
order to evaluate the effect on fat content of M and study the changes to texture and 
colour during processing. 

5 Materials and Methods 

The standard Agrifood Technology procedure for IN production and an extended 
' evaluation, method was used for this project Chinese flour was used as the control 
flour and was run at the start of each day. The protein content, moisture, ash, colour, 
10 wet gluten and diastatic activity of the Chinese flour were measured using AACC 
(American Association for Clinical Chemistry) approved methods. Dough rhsology 
tests included: ferinogram, exteaspgram (45 rain pull), alveogram and amylogram. 

The IN production can be summarized as follows: 

15 

Each batch of IN was made from 350 g flour and mixed at low speed during which 33 
parts of aqueous salt solution containing 1% sodium chloride and 02% alkaline' salts 
(potassium carbonate: sodium carbonate in the ratio 6:4) was gradually added. For 
dosed samples, the flour was mixed thoroughly with the measured amount of 
20 ingredient prior to the addition of the aqueous salty solution. 

The crumbly dough was mixed for a further 4 minutes at medium speed and sheeted 8 
times. Sheeting commenced with; a .steel compactor, followed by two plastic fluted 
rollers and finally by five stainless steel smooth rollers, with a 30% reduction ratio 

25 between each roll. The final dough; sheet thickness was 1J5 mm. The dough sheet was 
sheeted once more prior to ratting. The differential in speed between the cutting rolls • 
and the conveyor belt resulted in tight curls being formed. The tightly curled noodle 
strands were steamed for two minutes, fried in palm oil on both sides at 180°C for 1 
minute. The noodle blocks were cooled and packed in clip seal bags for further 

30 analyses. 


WO 2005/087918 


139 


PCT/TB2(tf!5/0fHtR75 


Samples were collected at several stages of production for analyses. The colour and 
particle size of the crumb were measured using the Minolta Chxomametsr and the 
vernier calipers, respectively. The colour of the dough sheet and the final product were 
recorded with £he Minolta Chromameter and a digital photo was taken of both (not 
5 shown). Water activity measurements were conducted on the steamed noodles. Water 
activity may be measured by determining the weight of the steamed noodles, both 
immediately after steaming and after complete removal of water content by drying in 
an oven at 90°C - the water content can then be determined by dividing the weight 
difference before and after drying by the weight after drying. 

10 

Optimal cooking time, cooking yield, cooking losses (gravimetric method), colour and 
texture (firmness) of cooked noodles were measured using standard Agrifood 
Technology procedures known to a person skilled in the art Texture profile analysis , 
(TP A) was also conducted on cooked noodle texture in order to measure cohesive&ess. 
1 5 springiness and chewiness. 

Cahesrveness is defined as how well the product withstands a second deformation 
relative to how it behaved under the first deformation. It is measured as the area of 
work during the second compression divided by the area of work during the first 
20 compression and hence has no units of measurements. Cohesiveness, in this instance 
relates to product 'al-dente' , which is not a desirable attribute for IN. 

Springiness is defined as how well a product physically springs back after it has been, 
deformed during the first compression. Springiness is measured in several wa}'s. but 
25 most typically, by the distance of the detected height of the product on the second 
compression. 

Chewiness only applies to solid products, and is calculated as guinminess multiplied 
by springiness. Chewiness is mutually exclusive wife gumminess. 
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10 


One noodle block representing each dosage rate was ground in a coffee grinder and a 
homogenous sub sample was used for fat analysis by acid hydrolysis method 
(alternative standard methods for determining fat content may be used). 

Results and Discussion 

The protein content and colour (with respect to brightness, I*) of the flour was within 
1he acceptable range for the production of instant noodles. The water absorption was 
slightly on the higher end for IN production; however, as the noodle dough is quite 
crumbly it did not impact machmability. 

The flour had good single (extensogram) and bi-axial (alveogram) extensibility, which 
would have a positive impact on the eating qualities of the noodle. Peak viscosity of 
me anrylograph was 870 BU, which is desirable for IN. 

15 Cooking loss of IN containing the second highest dose of lipolytic enzyme was higher 
man the control and the IN containing (he least amount of the lipolytic enzyme 
according to the present invention. The fat content of IN with the highest amount of 
the lipolytic enzyme was significantly lower than the control and the experimental IN 
with the lowest amount of hpoiytic enzyme. Springiness and chewiness of some 

0 experimental IN were better than' the control. Based on this date, the lipolytic enzyme 
should be investigated further at different dosages. 

Conclusions 


> Some of the salient points that can be made from this study 


are: 


The addition to IN of a hpoiytic enzyme according to the present invention did not 
dramatically impact on crumb size, dough stickiness, machinability or processing 
characteristics. Importantly, increasing dosages of hpoiytic enzyme resulted in a 
reduction in fat content of IN. lipolytic enzyme improved noodle firmness at 
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increasing doses compared to control while cohesiveness was not affected. Lipol3>tic 
enzyme had a positive effect on yellowness of cooked noodles. 

Thus, lipolytic enzyme reduced fat content hi IN, improved terttrre and increased 
5 yellowness of cooked noodles. 

All publications mentioned in die above specification are herein incorporated by reference. 
Various modifications and variations of the described methods and system of the present 
invention will be apparent to those skilled in the art without departing from the scope and 

10 spirit of the present invention. Although the present invention has been described in 
connection with specific preferred embodiments, it should be understood that the 
invention bs claimed -should not be unduly limited to such specific embodiments. Indeed, 
various modifications of the described modes for carrying out the invention which are 
obvious to those skilled in biochemistry and biotechnology or related fields are intended to 

15 be within the scope of the following- .claims. 
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CLAIMS 

1. A fungal wild-type lipolytic enzyme having a higher ratio of activity on polar lipids 
compared with triglycerides. 

2. A fungal lipolytic enzyme according to claim 1 wherein the enzyme has a 
phospholipicfctririycoide hydrolysing activity ratio of at least 4. 

3. A fungal lipolytic enzyme according to claim 1 wherein the enzyme has a 
glycoHpidrtrigiyceride hydrolysing activity ratio of art least 1.5. 

4* A fungal lipolytic enzyme wherein the enzyme comprises an amino acid sequence 
as shown in SEQ ID No. 1 or SEQ ID No. 2 or an amino acid sequence which has 
at least 90% identity thereto. 

5. A fungal lipolytic enzyme according to any one of the preceding claims wherein 
the enzyme is obtainable from a filamentous fungus 

6. A fungal lipolytic enzyme according to any one of the preceding claims wherein 
the enzyme is obtainable from fiiaariwn spp. 


7. A fungal lipolytic enzyme according to claim 6, wherein the enzyme is obtainable 
from Fusarium heterosporum* 

8. A fungal lipolytic enzyme according to claim 7 wherein the enzyme is obtainable 
from Fusarium heterospomm CBS 782.83. 


9. Ain^leotidesequeEtceen^^ 
claims 4-8. 

10. A nucleic acid encoding a fungal lipolytic enzyme, which nucleic acid is selected 
from the group consisting of: 

a) a nucleic arid comprising a nucleotide sequence shown in SEQ ID No. 3; 
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b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by 
the degeneration of the genetic code; and 

c) a nucleic acid comprising a nucleotide sequence which has at least 90% 
identity with the nucleotide sequence shown in SEQ ID No. 3. 

5 

1 1. A method of making a foodstuff comprising adding the fungal lipolytic enzyme 
according to any cms of claims 1-8 to one or more ingredients of the foodstuff! 

12. A method of making a baked product comprising adding a fungal lipolytic enzyme 
10 according to any one of claims 1-8 to a dough and baking fee dough to make the 

baked product. 

13 . A method according to claim 1 1 wherein the foodstuff is one or more of: egg or an. 
egg-based product; a baked product; confectionery; a frozen product; a dairy 

15 product including a cheese; a mousse; a whipped vegetable cream; an edible oil 
and fat; an aerated and non-aerated whipped product; an oil-in-water emulsions 
and water-in-oii emulsions; margarine; shortening; a spread, including low fat and 
very low fat spreads; a dressing; mayonnaise; a dip; a cream based sauce; a cream 
based soup; a beverage; a spice emulsion and a sauce. 

20 

14. A method of preparing a ^'^phospholipid comprising treating a phospholipid 
with the fungal lipolytic enzyme according to any one of claims 1 to produce the 
lyso-phospholipid. 

25 15. A method of preparing a lyso-glycolipid comprising treating a glycolipid with a 
fungal "lipolytic enzyme according to any one of claims 1-8 to produce a lyso- 
glycolipid. - * 

16. A process of enzymatic degirmming of vegetable or edible oils, comprising treating 
30 the edible or vegetable oil with a fungal lipolytic enzyme according to any one of 
claims 1-8 so as to hydrolyse a major part of the polar lipids present therein 
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17. A foodstuff obtained by the method according to claim 1 L 

18. A baked product obtained by the ms&od of claim 1Z 

19. A fongal lipolytic enzyme as generally hereinbefore described with reference to the 
description and drawings. 
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FIG. 2 

SUBSTITUTE SHEET (RULE 2B) 
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FIG. 3 



8 9 10 11 12 13 14 15 P std. 


P:Pool #172-174 100U/mL diluted 1:10 
Std. Standard protein series 

FIG. 4 

SUBSTITUTE SHEET (RULE 26) 
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GLC of dough lipids from BS 8948-2 



FIG. 6 


SUBSTITUTE SHEET (RULE 26) 
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CBS Peptides (1) -'- AVGVTSTDPIwrKWTnn 

P. befc-Hagao (1) MMDVI.SIiSTIAFIAAGF^S^ 

** **. * .**.**.** 

51 


CBS Peptides (19) GAAAY<^SG2!AAGAKITCSl^GCPriSSNG^riVVAEFTGSK2 , GIGGYVST 
^t-Wagao (51) ^^CRF^^SB^CSAWC^XSmAAIVVGSVVGT^Gie^^ 

. ***** ** * . ** tir . *.*****.**?; 

101 . _ n 

F. bet-Nagao (101) DHARKE IWSVKGSINVRNWI 5ItlFH7GQKTCDLVAGCGVH!rGJ^DAT^S V 
* .******..*** *.**♦.** * * * v*W 
151 

CBS Peptides (119) SAQASAAVAKARKANPSFKVVATGHSI^ 
^et-Hagao (151) AAim^VSAAKIANFTFKFVVTC-H!^ 

.*. ***. *. ***.** * ***********..** * t * *"*7i* 

201 250 



^ ****** ****** ft-*** 

CBS Peptides (219) LS^C^KVDYAISDV^^ 

bet-Nagao (251) I^GGP-LDKDYTVTE rKVCBGIANVMCNGGl?XGICII»?^ITy^O^^^M 
* ** ** ..,..***** **.******.**** **. ~- 

301 334 
CBS Peptides (269) AGGFSWR-* 

F. bet-Nagao (300) PIAXPWKI^MSDEEI^KKL^YSEMDQEFVK^ 


FIG. 7 


SUBSTITUTE SHEET (RULE 26) 
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MRFPSIFTAVI>FAAS£AI.AAPVN 23 

,- — — ... ■ £lpsynt 

•PTTEDETAQIPAEAVIGTSDLEGDFDV 50 

ca»CC&CT6ftSGMSM3^^ 2-60 

AVL^FSNSIFHNGPLFINTTIA SIAAKE 77 

GCTGTTTTGC^jrTCTCCAAOTCCAC^^ 24 0 

E G V S L D K R T A VGVTSTDF TNFKF TXQH 103 

GGJiAGGTGTTTCCTTGGA^ 320 


^ _ cbss . alps 
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TTCAACGGCGTGACTGTGGTCGCXTC^ 480 
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GTTCCCTTGrTTCGGGCTGTGGTGTTCACPCC^GT^ 640 
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CTGATCTTCGGTTACAGACACACT^ 960 

0VKVCEGAANLMCNGGTLGI.DIDA HL 343 
CG^GTK^GTCTGCGAGGGAGTCGCy^^^ 104 D 
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^rwQNAAAGAK.XTCGNHG 70 

^tr^ttPS^KVIATGHSLGG 177 
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(SEQ ID No. 1) _ . .^m.-^taa aaiitcsnng cptiesngvt wasftgsfct 

1 avgvtstdf t nftryxqhga ^X^^f^ Sidfdgsdcs lvsgcgvhsg fqnawaexsa 

» 5=£ 9ffi= &S 2SS= SSSS S5ES: 
ffi SSSS SSSS£ *~ 

FIG. 37 


121 csnngcptie 
1B1 qsdcslvsgc 
241 nlraagtpvd 
301 eywlsggggd 
361 * 


gvfcsgfqa aw 
iytygaprvg 
tvdyaisdvX. 


sldkravgvt 

tgsfctgiggy 

aeisagasaa 
naalsafisn 


aoi pasavii 

stdftoStxy 

vstdssrXei 

vatajrkarips 

qaggefrvth 

nggtlgldid 


vsdletrdf dv 
iqbgaaaycn 
vvairgssni 
rtwatgiLsl 
dkdpvprlpp 


FIG. 38 


Egtaagakit 
xnvaltnldf d 
ggavatlsaa 
lifgyxhttp 
acnaggf swr 
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(SEQ ID No. 3) 

1 gecgfctggag fcgacctafcac fcgactteact aactfctaagt tctacattca gcatggfcgcfc 
61 gccgca.ta.ct gtaactccgg ■fcacegcegca ggtgcaaaga tcacLLy LLc gaataacggt. 
121 tgccctacta tcgagfcccaa cggcgtgact gfcggfccgcet cofcteactgg "ttogaagact 
181 ggcafccggcg gfcfcac g Ly Lc caccgafcagc tcgagaaaag agatcgfcggfc cgcaatcaga 
241 ggttccagca acatccggaa. ttggetgacfc aatefctgact fctgaccagtc cgacfcgttcc 
301 cttgtfctegg gctgtggtgt; taactccggt. tfcccagaacg cttgggccga gatafcocgca. 
361 caggccfcogg crfcgccgtggc aaaagctaga aaggccaacc catccttcaa ggfcfcgtogoc 
421 actggccact cgcfccggcgg cgctgtggcg accctgtccg ctgccaacct fccgagctgca 
481 ggfcactccag tcgacatcta cacfctatggfc gcacctagag ttggcaacgc cgcactgtet 
541 gctttcatct cgaaccaagc aggeggtgaa tfctagagtca ctcacgacaa ggacccagirg 
601 ccfccggcrfcte caccfcctgafc cttoggttac agacacacfca ccccagagta ctggctgtpa 
661 ggtggcggcg gagacaaggfc ggacfcacgca atetccgacg tgaaggtctg cgagggagcc 
721 gcaaacctca tgtgtaacgg cggtacactg ggactggaca tcgacgcaca crfctgcacfcao 
781 ttccaggcaa cfcgatgcrfctg caacgccgga gg-tttcfccct ggaga 


(SEQ XD Ho. 4) 

1 MRVLSIiSVa. TEAVASPLSV EDYAKAIDER AVAVSNGDFG KECTYIQHGR. ASTCSSH&AA 
61 G&KnrCQiJNG CPTVQSHGAT ivasfi^gskt GIGGXVSTDS SKKSIATLSYR GSIHXRHHDLT 
121 NLDFGQSDCS LTSGCSVHS&. FQKAWKEUSA AftTAAVRKRR KAITPSFKVTA TGKSIiGGAVA 
161 TL&GfiNLKVG GTFVDXXTTG SEKVSHSCtA GFXSNQAGGE FKV THAKDFV PKLPHLVFGY 
241 RHTSPEYKLS. GAGGDKVDTT INDIEVCEra. AHIiKOJGCTL GLDIDAHLEY FQEH5ACSGG 
301 GXSRRSRRZR SAKREDIS2R AASMEDAEXS KKLHNTVEMD KETVKNHA&R TS 
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? tefctegocag tttcagfcgtt cagtafccctt tctgagggag tcgcactfcgt 

61 SSEISU ctateactia tacccttgat ccataccctt gcctgtcaag atgogtgtcc 
,,i totoactert ctcagfctgcc aoatttgctg tggccagtec ^tgagcgte gaggacrcacg 
lei cSaaagctct cgafcgaaaga gctgttgctg tctcsaaogg ^gaott^gt aaottcaagt 
241 tetaSateca gdacggtgct gctteatacfc gcaactecaa tgcegcagcr ggtgcaaaga 
301 tcaoctgtgg aaacaatggc tgtacaacag tccagtecaa cggtgctact atcgtcgcat 
361 ^tfccactoa ttocaagact ggcatcggcg gttacgtttc gaccgactct tcacgaaagg 
421 aaatcgtelt ctocgttcga ggcagcataa acattcgaaa czggcteacc aacctcgact 
III ^«SS ggaclgcagc ttgaSctcag gttgtggagt acacagsggt ttceagaatg 
541 ocSgaaaga gafcttocget geagcaaccg ctgctgtcgc aaaggoccgc aaggogaaoo 
SOI cttcl^toaa ggtcattgcc acaggccact cecttggtgg tgoogtegct acactcgceg 
661 gcgolaatct tcgagttggt ggaacacccg ttgaoatcta cacctacggc tccoocogag 
721 Itoaaaactc cclgctegct ggcttcafcct cgaaooaagc tggtgg^gag ttcegegtta. 
7B1 ccaatgccaa ggaocctgtt cccagacttc ccectctggt ctfctggttao cgaoaoaoat 
841 cccccaagta ctggctgtct ggtgogggag gtgacaaggt tgactacaco atcaatgaca 
QOl tcaaoirtctq tgagggtgct gccaacctca agtgcaacgg tggaaacctt gga^tggate 
SglacLc Itccaggaga ctgatgcttg ctctggfcggc ggtatetett 
1021 agagaaaccg aagltasaga agcgocaagc gtgaggaeat ctctgagagg gctgotccta 
1081 KSgatgo tgigcttgafl aagaagctea acaactetgt cgagatggat aaggagfcatg 
"41 ^SaglacJa ^gcSgcacgc aegfccatagt atgacattta cgoagtaatg atataccacg 
1201 aataataaga. atcacaaaat aaaaaaaaaa aaaaaa 

FIG. 41 


(SEQ ID No. 6) 

1 EAEAAVSV2S TDFrtfFKFTI QHGAAAYCNS CTAAGAKITC SNNGCPTIES 

51 NGOTVVASFT G5KTGIGCTV STDSSRKEXV VAIRGSSNTR NWLTNLDFDQ 

101 SDCSLVSGCG VH5GFQ5NAW3L EISAQASAAV AKAHKANFSF KWATGHSLG 

151 GAV2LTLEAAN LRAAGTPVDI YTTGAPRVGN AALSASTSNQ AGGEFRVTHD 

201 KDPVKCLPPI* IFGYRH3MPE YWLSGGGGDK VDYAISDVKV CEGAANia^OT 

251 GGrLGLDXDA HLHYFQATDA CNAGGFSWR 

FIG. 42 
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(SEQ 
1 
61 
12X 
1B1 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 


XD Ho. 7) 

agaattcaaa 

gccctggcfcg 

gcrfcgtcatcg 

aactccacca 

gaggaaggtg 

tfccaagttct 

gcaaagatca 

g-tcgcatcct 

cgaaaggaaa 

cfccgacttcg 

cagaatguct 

gcgaaccctt 

ctcgccggcg 

coccgagttg 

cgc^ttacca 

cacacatccc 

aatgacatea 

ttggatafctg 

afcctettgga 

gcfccctafcga 

gagtafcgtca 


cgatgagatt 
ccccagtcaa 
gtfcaatctga 
acaacggttrt 
fctfcccttgga 
acatccagca 
cctgtggaaa 
tcaotggttc 
fccgtccrtcfcc 
gccaggagga 
ggaaagagat 
cgfctcaaggt 
caaatcrfcteg 
gaaactccca 
atgccaagga 
ccgagtactg 
agg fccfcgtga 
afcgcrtcaccrfc 
gaagccgaag 
cggatgcfcga 
agaacaatgc 


cccatccatc 
cactaccact 
cctggagggt 
cttgttcatc 
caagagagcfc 
cggtgcfcgcfc 
caatggctgfc 
caagacfcggc 
cgfcfccgaggc 
ctgcagctfcg 
ttccgctgca 
cattgccaca 
agttggtgga 
gctcgctggc 
ccctgttccc 
gctgtetggt 
gggtgatgcc 
gcactacttc 
atacagaagc 
gcttgagaag 
cgcacgcacg 


tttaccgctg 
gaggacgaga 
gacfcfccgatg 
aacactacca 
gttgcrtgbct 
tea tactgea 
ccaacagtoc 
ateggeggtt 
agcataaaca 
accteaggtt 
gcaaccgctg 
ggocacfcccc 
acacccgttg 
fctcatctcga 
agacrfctoocc 
gcgggaggtg 
aacctcaagt 
caggagacrtg 
gecaagegtg 
aagctcaaca 
fccatagtatg 


ttctgtfccgc 
ertgetcagat 
ttgctgtttt 
ttgccfcccat 
ccaacggfcga 
actceaatgc 
agtcaaaegg 
aegtttcgae 
ttagaaaotg 
gtggag~ta.ca 
ctgtcgcsaa 
ttggtggtgc 
acatctacac 
accaagctgg 
ctctggtctfc 
acaaggttga 
gcaacggtgg 
atgettgerte 
aggacatatc 
actatgtcga 
acattfcaege 


cgcttccrtcc 
tccagctgag 
gccatfcctec 
tgctgccaag 
crtttggtaac 
cgcagcfcggt 
tgetaefcate 
cgactcttca 
gctcaccaac 
cagcgcffcfcfcc 
ggcccgcaag 
cgtcgctaca 
crtacggctcc 
tggagagtfcc 
fcggttaccga 
ctacaccatc 
aacccrttgga 
tggtggcggt 
tgagagggct 
gatggataag 
ggatccrt 
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